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(57) Abstract: It is intended to 
provide an artificial mammalian 
chromosome which is stably held 
in mammalian cells and allows 
efficient expression of a target 
gene carried thereby. Namely, 
a first cyclic vector containing a 
mammalian centromere sequence 
and a selection marker gene and 
a second cyclic vector containing a 
functional sequence are transferred 
into mammalian host cells. Then 
transformed cells are selected by 
using the above-described selection 
marker gene and cells holding an 
artificial mammalian chromosome 
are selected from among the 
transformed cells thus selected. 
Thus, it is possible to construct an 
artificial mammalian chromosome 
which has a mammalian replication 
origin, the mammalian centromere 
sequence and the functional 
sequence, is in a cyclic form, can 
be replicated in mammalian cells, 
extrachromosomally held in the host 
cells and transferred to daughter 
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5 mm^m 

* m m i * * a. m a i & fe f* ic m -a- § . p u < i* . m m. m a urn © # m * m . 

nf?L^AI^fe<*. &tfiffi?l^AIifcfe<*<D*'JffllcM-f <5» lcfcl\TiI{£ 
10 c: <h#T£3. 

m&#m\zt$i\T&i£isTm&zti% t hAi^fei* (hac(s)) b P 

©It'f fl/TlK Ofc© CENP-B TKy ^^^^-TS^tt (YAC) X(4H 

15 # (BAC3Z.I4 PAC) "CfcU* ttl O+P^-^CthatT?^ K7^7^f l<) 

£ #tf Sir igf*DN A3 h^^ hOSAlcJc^Tt hnrnwrnrnftHtiosopi-ci, 

If 1/14 de novo (CjfcJ&^ft-S) (Ikeno et al. 1998; Henning et al. 1 999; Eber 
sole et al. 2000) o J: O tg. HAC ± lZ I4&SI* * h 3 7 * > A * £iJ 3 *l 

SO-C> aSA$tlfe7-»U7 7*^?-f h7H*!4M©t h Ifcfeft [C It -2> *>© IC 
20 ^l(ttUfc}S14S-fe> bP*7/** h=l7*ltii£ de novo (C $1 H T -5 C £ ifi T 
#•5 (Ikeno et al. 1994; Ikeno et al. 1998; Henning et al. 1999; Ebersol 
e et al. 2000; Ando et al. 2002) o HAC I* flflfiS 1*3 * W? <7 B ^ £ f'J ffl U T$E3fia 

/£t>*r-r<5 0 7 i p^7ie5ij ; £:W^''S7;u7 5j--r h yac frt>mmzftiti&vi<z> hac 

25 «4-t©5|5J«|zatettxP^7«]a€:BI»l/fcA t » BAC X 14 PAC 6> IS 81 £ * 
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VtO HAC liT-P^7^ii^WUTt>^:^ofc(lkeno et al. 1998; Ebersole et 
al. 2000). 

m ^m&^P *-lt : £<D&£/u£&'b£teO'( JUXm&T&Z (Mineta et al. 
1995; Fisher et al. 1997; Pfeiter & Verna 2001 ). C ft 6 5 * — liBrM© 

U--> 3 ><D& ICRS ■DTgJtLT^ 3ft, ^tf><fc P&it^OiHg^-igSiliilS 

15 ^WBifiST-ifc^T ((^^©ii^iiiqiftjsft-sh *Ait£?-g>jKz>$j9Pfl(Jtf 

L< fe^S&SEA ( 5 zl - ^ v x ^ -> 7> ) *#3d£j&«ifc<5. 

— Jj HAC li, ffl0ffiJg&$*, 100 kb $lx.5^$c!W DNA ^^^-Slfcl^'&Si 
20 A it -T <5 BE ^ 3. gAitfc^£#tf HAC te. ^Aiie^X^T 

;u7*-r KiH^jroise^^wr^mfiBrj >^ h^e> dtju et n. 2001), 
5UZ7Ji>7*-( KiK^JtSAiie^-ett-^ftSiJls lew UfciuiiBn h^* h 

J^t>de novo (CJfcfiic £ ft?»-5 (Grimes et al. 2001). l/fci^^T, HAC liio^ffl 
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x x a t. u x *> f ij ffl -c # § t # e> tl -5 . 

(gchi itfi^-) ^^^Ri^icis^^nsiiia^Aiiftfe^o^is^gt^feo 

m&'<**-X&% BAC £AlfS-fe#ilLlI8i*£ ITtffl GCHI 
tf^ ± aftf&J ^ 11^ -5 **l 180kb ©^^A^l^ftJItS BAC (GCH 

15 1-BAC) t h"b> hP>7i£?iJ<!: UT^ 50kb 3Ui$*J lOOkb <7) 7 ;U 7 * -< KE 
?lJ£#t/BAC (7^7*^ K BAC) £t hmmWffl f&X fc<5 HT 1080 |lfil:3 

h Ufco *r<Dm%. GCHI =1 t hAl&fett (H 

AC) ^^lg-r-5C<k(Cfi£»]U, #e>nfe HAC «ilfR^f^«:lT*5^:< <ht> t hifflflS 

20 7t<hC3»C© HAC ^WrS^a^^^[Cfet\T GCH1 >"£ 14 <D ± # # IS #> 6 

ti> j eO;S'l4{i^fe<*±lc#St--5*i^<!:|5l#lc-r ^-7iP >r 

fclCJfcStt*^* ^Tfe^c. BP£, ^£tlfc HAC aM&tKHltf) GCH1 

— *\ att^^-Tfc* YAC £i!fiiE#£ UTfffl BAC ©i§^<b 
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mic, mmzftfc: hac £ (es&i<&) iz^x-t^aiizm^-t 

ZttblZ. n^Htc ES^lfl&*?iJfflUT + ^^-7^X (HAC<SW^">*) (Ditto 
lZ<bf£V}Utz. COCili, <Httl"<JI'-C®>B£?-aiAy-JI'£ ITAl^feft 

zwmT'Zzz\£t)mmftizmm2nfc£^?.MtoTnmtemi&&*^a&.fc* 

5 XY &I3|Canx.T XO mm ES fflJfelC** UTt) HAC CD f£ A IC J* 51] U . £ 6 iC^tl^ffl 

*"J ffl T # tl f* oft 91 « Alife^fl) fcS^fi Ic & -5 <!: m X e> ti T W -5 . 

ft -5 it £ ^ 05 56 % £ ffi i£ r 3 § « T-f > * U - * - BE 511 £ fi & ^ T* Of ?L SI A I 
10 %k&te.<DMm&fjvtcz.£*s m< ^#ciicni?LSiAi^fe^^©iie^^A 

& =r- * « *# -r s ni ?l si a x ife «: * m ®i m x w m v % z> z. t &m w v tt . 
^m^ua±(o^u<D^mmibntt^\M.izm^^xf3:^tifz'b(Dv$>^x. tx 

is [i] mm.m-t> h n*7mmz$timvz(DWi i *gs^ia5>j£#tf 

S J« £ ft 7f£ S £ & flfl AS © 4» ^ 6 ni 9L Si A X tfe & £ # W "T -5 ID AS £ S iR t Z> 

m 3 nmt. 

20 ^#t?c:<i:«:iHf^fr-Siii?LSiAX^fe#0^ii^;i. 

[2] oi?LSi-b> h n*TWLmjktfm®.mTn*7mmz^tsmmAj:3k&to. 

Mi'^-i. mt£lE5y£^ifimAX§fefe#7^e>£:3lfS 2 ^ * - 
25 H«snfc^HK»»Jiao!) + «»6"iia«Axa£fef*;*«*-j-«<Bli!i*H«"r* 



WO 2004/022741 




PCT/JP2003/011134 



5 



5 mow^mo 

[4] StFlEPi?L^-fe> hP>7S£5U(i. JUT©IS^J#3!!Wfi*J^ll'eiIf&®IB? | J 
5' -NTTCGNNNNANNCGGGN-3' : IE5lJ#-^ 1 N (i A, T, C, Rtf G ©Oftl^T 

io [5] numm.m±> ha^y^utb: bm^i^7ju y Tit- brn^m^ 
omm%nt>\ 1 ~4 GH*m#icgE«<DflMK#2fc. 

[6] fltEnMLH-teS' h P ;* 7E5III4 t h 21 11 SftlijSUa. 

C7] mrM?ltHz> hP>7iE^J©-b--rXI±$*i 50kb JUTT^-S. 1 ~6©l\ 

15 -ffttp\ztm<Dwm* : &. 

[9] Buisswite^ (i/N^^^-bfy^afe^i-UHcDae^Tfes, sicie 
20 do] Htiaawae^iit h^7y->>='j >^->^p t KP^--if i 

[1 1] i»flEttfl&fii9iJli t h /5 ^P If vae^S^rfiHS^P- 
8 (c8Btt<Z>ffc«[*S!. 
[1 2] fflfc»flgK9Jli»WS©K$U*1*J*WK:i? A-T«fc»©*¥Afflii5U*» 
25 1 ~ 7 ©U-rtl*WCiE«(D^iS^j£. 
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[1 3] Huisjf Afflia?ij^ ioxp-y->r h^u< «FRT-y--T h3^.^*cne>t^■rtl^ 
[14] mmm i xsicfcu-csA-r-s. mszm i ^^-tsuiEs^^* 

5 -(DMttlt^JUttT'lft 10:1 1:10 <Df5HlC&-5» 1—13 <D{,\-?ftfr 
iclStS <Df^^^;£. 

[1 5] mTlEm 2 ^**-<t: l/T, ^nic^*ft3^ia$iJ#5UfcM£:3ti 

[16] iiuiESg2 >XU-*-iE?nj££ e>lc#fr» 1~15©1\ 

10 -rn*Mcl5ISOftiS^;ic 

[17] i~i 6 o^-rn*Mciets©^ii^;iicj:oT'#e>n. 
z* m m ft m <o m iz m m us iz m m $ ti % ® m, m a x m # . 

15 [18] 1 ~ 1 6 (Dl\i*ftfrlZUM(DftmJiiiilZ&-DTmt>tl. 

# m m ft m <o m \z m m m iz & m £ ti s m ?l h a x t% <, 
20 [i 9] ®$immmB&. mm.m±> hn^zsEsnj. teaming ^ 
x*- tr^iie^i&o ^t>*^<D*j^i$i^^p- K-r-5^^is5>j^Wb, 

rnvt-cfr-^T. mzimmifotp xmmzn. m±fflm<Dm&&ftizmnt<ti. & 
u m m ft m <o m iz m jjs iz m m s n z m m. m a x m & . 

[2 0] HuiSSWiSe^fit h^7y->>='J >g!->* □ tHP7-€l 
25 1 9 ICsE«oni?l3iAXIfefe&. 
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[21] nftftgusttejA. mm.m-t> t*u*7mms mm.m^ay-rm^i. m 

[2 2] HuiEil^iE5iJttb h js^p t^ite^P^^^^e^S. 2 1 iciEtS 
<Z>njt?l3SAI&fetto 
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m m <d m. m & w n w c J? a -t % tc #> <d m a m ie n & m u » 

[2 5] mriEtf AffliE^JX?* loxP-^-f u< f* frt •y-'f hXttcn&i^na* 
E5fl-e*-5, 2 3X1* 2 4 lcfEi*<E>ffciS(Dnii¥l3&AI§fcfefto 

20 5»jsn*«**#fc, i 7 ~ 2 5 <D^rftfrizmm<Dmm.mAJLm&fo* 

5' -NTTCGNNNNANNCGGGN-3' :1E5"]§^1 (<SU, N It A, T, C, R X* G <£> ^"T tlJ^T 
[2 7] mHEBi?L^-ir > hP^TiE5Ul* t h^fef*7;i^ 7 *^5-f hfli« 

£5fc<z>iS5"j£#ti\ i 7 ~ 2 5 <D^-fHfriz§s.m<DmmmAxm&.fco 

25 [2 8] mfl2ni?L^-fe> hP^7lE?lJI*t |> 21 S^fe^ffi^O 11 M^i^ilU 
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=3.-y h£#t*\ 2 7 (cfaiSommSAXIS-fefr. 

[29] mmmm&mx.&fft^.w Amwim&mm.®&-?z>> 1 7~28©uf 

[3 0] -< E5iJ*2 6 lc#&» 1 7 ~ 2 9 <DU-rti*MCIESt<oni 

5 tlAI^feft, 

[3 1] 1 7~3 O©tNrn*MC|5iS0[)iii?LHAI^fe<*^iB©^fe^^(c 

[3 2] 1 7 ~ 3 0©U^n*MC|Stl(OllS?L^AXlfefe^^ie©^fe<*^fc: 

10 [33] 1 7-3 Om^ft#MClEB<Dini^AXlfefeft£S£<Dlfefett*Hc 

[3 4] i~i 6 oi\?nfrizimoftm*feiz&?Tmbftzmm.mAiL'i£ 
r <t> n m. m m j& i c m a -r § i m & # t,\ 

m ta m iz m a £ n fc « ?l m m m. <o w m * m . 

[35] mm.m-t> hntTmm&^&mwowi 1 wt^um^^ 
amvKDm 2 &m$imm±mi&izmA-tz>%i 1 x*i<h, 

25 £^t,\ p*?L®Ax^fei**(*wrspi?L^*fflJiaoftia^;i. 
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^£n£liSIEni?l3IAIifefefc£*-^y h^iJi&<i:UT(DBi?L§ifflflaicSA 
10 £^t»\ «?L»AI»rfe#*#WT*rtft»ffll&©fMa*a5. 

[37] «?L«-fe> ^atrmmz^timftom 1 t£*-<t. tti£E?ij&g- 

15 5$3Igt, 

[3 s] mm.mn> ha*7&m&ztmm.mTn*Tmmz<ktimmAx&&, 
-<t, ^oi?Lii?si$fflfla(c^A-rs^ 1 iii, 

25 IlSM)fe^SlRt5i2iii, 
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m tR s *i tc m r £ & $a us <o * a* e> « ?l m a x ^ # $ a * -r s mi bs £ a r s 

SB 3 igt, 

[3 9] 3 7Xli3 8lcE«Of^«^ratlc«k-3T»6n««'htt#<!:^-^!y 
10 hinfi<!:UT©iii?l»lllll&£*»^3l**Xfi. 

[4 0] i 7 ~3 o<Di\?n»izft&<Dmm.mxxm&»&&G?zm£.mi& 

15 t«ISt, 

*#t*, pf?Lf8iAxjfefeft*«*-raiii?LH*J!&©^»*a5. 

[4 1] 1 7 ~ 3 0 ©l\-rtl^lclEKO«t9LaAIJftfeft*#*-f 

20 */w y k anna -rax 

pi«.«Axjft6#*^wr*a'htt#o^«*a. 
[4 2] 4i icfEiKo^in^r}* iz&vTmzftzwfi&totf-vy ^mmt 

25 i«?LaAx»ft#*fii*-r**»La«»fl!>f^«*at. 
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ua, 5u*w.%Si&mm-e$>z> 3 4, 35, 3 6, 39, 40. rx/a 2<D^-rn 
»mc is m <d m m. m m m o> m * m . 
[4 4] ii&iE*-y y h^Jia<h uT©ni?L^^Ba(is jait^^BSv Ett^ma 

34, 35, 36. 39, 40, 4 2 © (,N-fftfr (C IE K <E> Bf ?l 31 gffl 

34, 35, 36, 39, 40, JkU 4 2 0? (,\-fftj&> (ClEt!<£ni?LiI&Bfl&rofEil 
10 ?j>£. 

[4 6] iffi¥L8IAII£feft©<tiSlc&ffl£ft3^*-T<fcoT, 

■y-f 50kb JUTOBi?L^-b> hn^yffi5U,s^gJRx'-^-iie : f-^# 

[4 7] mnS.mm.M-t> hn>7@2?iJli, JaTOlS^Jtf&PJJfa&IPi'eilifcfilE 

15 ?"J^nsM^^#t;, 4 e iciEtSfl)'^*-, 

5' -NTTCGNNNNANNCGGGN-3' : gfi^lJS^ 1 (<SU, N (± A,T,C,J&tf G © 3* tl "C 

[4 8] mtimm.m-t.> ba^Tmmitti \*y&&W7 )\>? yVT^'t hi^fc 

3fc®iE*IJ£#tf, 4 6 Xli 4 7 IZsZWcO^ff-o 
20 [4 9] ttE*ILat> hP>TSE^J(*t h 21 11 Sft^ilU 

[5 0] n$R£SAI^fe#0^iHc&ffl3ft3'^*--e&-pT, 
loxP-y->T hSK (i FRT +>■-< hXI*Ctie»U^tl^<DiE5iJ(D— g&£3fe^l/7£IB 

25 «f >^U-^-@E5U<h, 
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[5 1] itfltiAl^fetttfgASftTfcS. IkhlSSlSM. 
[52] itaiEnf ?miAI§fefe{*#> 1 7~ 1 9<ZH^ti*MciEf£cD[ii¥li£AI 
Ifefeft-Cfc-S, 5 1 lclEtStf># t hilSISli. 

[5 3] nf^^AI^fefr^SAStiT^S, XOMT^^Ktt^$fflflfeo 

5 [54] H5iEni?LiiiAiifefe{*^v 1 7 ~ i 9 <d i\-rH^izmm<Dmm.mxx 
tfefeft-e&s* 5 3 icfEts© xo m-? o *m$kt$mf&. 

[5 5] ilLiAI^feMiA$ntft5. >7 + ^77-J^„ 

[56] ii5iEi«?L3iAIi?5-fett#, 1 7~ 1 9<D^^ti*Mciet3l©ni?L^AX 

10 

BilcDfaiii&I&W 

@ 1 it. Jfc g Sfc & t* 1*3 fCfc 1*3 3 h^>^.7x^hBAC ©jHftlC^UTStifc 
GCH1-BAC iCjin^T CMV/a 100BAC Xfcfc SV/a50BAC 

77i^va>l:J;otS4tifc BS fish t?8S*t l^^m^^n 

is -5. mAc±jti, «2i-i t;u7^--t H dna ^p-y<t bac ^^^-^a-yoi^ 
^T^^^nfcAxifefe^^^w-rs^fls^^^-r. c:nt>tf>iHiiJi&**©**7i 

-TX • ^.^l^y H<0 95!l!iU±ICfctNT^tl-€ : *l — "DO HAC #&iiS £ ttfc. ^ U <D 
fflmX'it. BAZftfz BAC [i HT1080 (Ptfefeft iC^&gitt*:^ (lfefef*±h 3Z.(* 
FISHP#rlCfcl\T->^;U#*£ftT#£:^o;t (^ai^tl-T). rGCH 
20 HACJtt, GCH1 ite^<D->^'±;U#fS«>S>*lfc HAC WT -5 $ffl fl&^€ ^"T . 

B 2 f±,HAC^W*fflfl&**lc;l3tt3 GCH 1 i£ 1£ 0> 381 3£ * £ <*: tsbftm^^ Z> . I FN— 
rflSO^^T, Stf^fcTICfe^T HT/GCH2-10 , HT/GCH5-18 Jktf HT1080 

25 HI 3 (is7JU7 K BAC ^ t/: GCH 1 -BAC CO 3 >^h5^ h £ 0 Tfe -5 . CMV/ 
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a 100 BAC It. BAC <5*-to\Z t h 21 glfefettfcSfctf) lOOkb (Da 21-1 T )17 * 
-i JBLZt®m.MMJ&&mtRTZ>tct(>(D CMV-Bsd (7*^;U4^UX ■ Tl"? 

7, (Aspergi I lus terreus) &$fc<D Blasticidin S t7S — if uHk 1 ?-) ilJft*' — 
2>-£^tf. SV/a50BAC te, 50kb G> a 21-1 TJPy tff' KIE$lh SV2-Bsr (/t 

5 f J^- tU'J^ (Baci I lus cereus) fc3fe<D B I as t i c i d i n S r7 5 -jr — M iHk^) 
MiR^-IJ-Z^tSo GCH1-BAC It GCH1 Jgfi^^tf 180 kb <D<7 J A DNA Bfrtt* 

FiSH^«Tffl, V1f>M^m, gchi itft^tox^y > (1-6) ffitf>y 

<D#V?X. J5ltf&&i%<D7$y #XVmZftZ>* BAC 5 * - It E. co I i rtt'Ol 
10 HKDtcttXD? n 1 ? A7 JL-^-JUMVk&fc 1 ?- (Cm) £#tf. 

H4lt, HAC ±© GCHI ^^^-;H6*Wr*fc«>© FISH »«f©tS***THT 
HT/GCH2-10 $|l|Jj&<* (CMV/alOOBAC <b GCH1-BAC E> □ h^>X7x^5>3 > 
!CefcoTJi5fi£$tlfc), JkXf- HT/GCH5-18 (SV/a50 BAC t GCH1-BAC <7>n h^>X 

7i^->a >{CckoT?g^c$njt) ic gchi i^y> i yp-y (HO bac 

15 ^^tS'-^P-T' (*> * <£«h XI4 GCHI X*y> 456 («) StfGCHIX* 

yyi (*) £ (*«) /W7U^xs*r^*. $c d y i± hac ^^-r, 

B5li, GCH1-HAC<D$ftii8?#r<Z>SSJfl£^ 0T*&-3 O HACrtW GCHI 
BRBJRiJ'WLfctaa^^Stl*. HT/GCH2-10 . HT/GCH5-18 % atfh7>X7i 
^->3 >*?r-3TU<Cl^HT1080 *»6«|«Ufcyy ADNA*BamHI (A)XI* Stul (B) 
20 T'jPHtU. «aWS:y;U*Sl*»T»H^*:. ftfctt GCH1 itfe^M&tf GCH1-BAC 
Ufcig^lC, US ^P-y (A)SLKX^ V > 6 y , P-y(B)lCcfcoT^aS^tl 
■5 BamHI rMJt&tf Stul Br *t $ tl* X#±fS IC^ $ tl* . 

B6tt. K y hA^7U Hf- v 3 > IC HAC GCHI -BAC JkXSTJV? * 

<< k bac 05=1 e-»<0*ftjei=ffli>fc^77ia7?**.&w(i gchi x*y > e yp 

25 -yT»6*l3tlfi«fflT*'S.GCH1-BAC(0.4, 0.2, 0. 1 ng) O A *J DNA £ . HT1 080 v 
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HT/GCH2-10 JSiXfi HT/GCH5-18 6> ^ft^tlfilS / A DNA(1. 0, 0. 5|ig) 

GCH1 X£ V> 6 £/W 7'J ^-f XStSrfco O.lng© GCH1-BACDNAtf>8lg 

i$iiiiutsffli/fc. «nii bac *&*-zfn-7xm*>tirc&mmx$> 

GCH1-BAC(0. 5, 0.1, 0.05ng)i, HT1080, HT/GCH2-10 HT/GCH5-18 fr£> 

5 ttl^timmisltVXf S A DNA(0. 5, 0. 25m g) £ & BAC ^ - ZfU - 7 £/W 

-<if-BAS1000 VX&ilS. L/fc 8 

V v k»i»* fish mm isitmm&7K?m-e$>2>. ht/gchs-is wh&wz peg £*u 
io m ox as mi&tm^sitfc. bs wii&tf 2 9/w >wtt©»ifti** fisht^w 

5iJ^p-y <fc (A), Xii bac ^^^-yp-^ (^) St^T^^-^-r^- 
-tf^'f (#) <h (B) A'fyyy'fX^tfc. ^EPttHAC^^-To 

m 8 I*. HAC ^AL/c ES fflJJ&£ FISH flStff Oltmm&Tji-tmX&Zo Mt7 JU 
15 7*^ K DMJktfBHC s<#*-£7n-7£LX&i&Ltcmm:X$>V > B {* GCH1 
0I^V> 1 Higg&tf BAC^^^-^^P-^t UT^tbUfe^mTfeiJ , C (* 
79X7^ ■f-VT^'i h DNA i BAC ^C^^-^^P-^i LTtHJbfciST 

20 7Ky*Xl*y^X ^>S^£T(bs+)Tig^Ufc^lCfc(*£HAC«MJfe 
Offl^T* U s^fe^CO/K^^Xtty^T. h-y--T if> S #?£:i3ET(bs-)Tig«Ufc 
ii^lCfctt-S HAC#W«iffl)!&f]^T£><So 

01 0 (A)(i, A201F4.3 (1 U->Rtf 2 7c5hTEL (3 4 

£ PEGE [sfcfSBmZTjitmXfo&o m£.<D^&WlZMz.X 150kb 

25 xii lookb tc^p t:>xiiT;i/7 *<< k yac &&&ir%<D&mti>*>ft ; g> (i u- 
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>%.tf 3 U-» 0 YAC &fftCL (2 ls->Rtf 4 U->), il^Ufc YAC (5 

£ HT1080 gffllfelCgALj£o Uf© M Si 0 (B) 

(4, YAC <DgA(C < fc^T#e»n;£Bfti5&#lC**-f <5 F\SH®Vi(D&iMkZ7ik-fm-C 
^SI£&ftlClS#6:ftrcS^fett#fcEPT*^£:h.<5 £fc, YAC 

5 <Dffi$H (ftfe : fc^y ) ^7^7*^ K : <D s s#-t )Vtfi&&-? 2> (T 

IS). DAPI T'^feUTt^S (Wfe). 

zfu—Jt. L/T yac obisp (ftfe, ^c-y) ^ji^*^ k (#fe, 

fcEP) £fflUfc$£JH (£±), |!0mTfS:lc^£tt&/3^P t'>© A (ft. feGU) 
10 IkZfiT )\?~7 * 4 H (ft. *EP) «jfl^fctt* C&±), U^Ot>OB (ft, * 0 
U) RtfTJU?*^ K (ft* 3*EP) CfcT), jS^PtfXD C (ft, 

^^7^7^-^ K (ft, ^EP) *ffll\fctS* <*T) 
HI 2(4, 5-^fe«:$«tt§ilSMT*5ZO(D^P-> (C11 

C29) ic^uxt h )8^p z>zfn-7 (i£5us^5 , iE5"j## 6 , %.ztmvmn 

15 9) 3Z.(4xP*7£miE?U (E5U#*8©IE5U««ftyiSSnT«:*tt 500bpOE 
9J) &7n-Zft UTfroifc FISH Jg#r<E>$S^£^"rmT ! &«5o W, ft, #(4**1 

mi 3 (4, A9««li:5=»fe#«*»ftflJ)H^CJ:y»6tifc»IHE*«ft© 
FISHft?«fig^^^^EITfe"So tE±mit DAPI (#) (Cfc&jfefetSJR. *±l«t 
20 h |8 ^*P (EMM 5, EMM 6, &tfE5UM 9 <Z>;H^) ic«fc 

%'>#+)\, (ft) *l*mu>fc»JR, 4T*li7^7*-f H7P-7 (E5UM3) 

HI 4(4, 5^^fe<*©7 7-f A — FISH M$T<D$km&7F;?m-e&Z>o ±f£(4/3 
25 ^Pt>7P-7 (E5UM5, EMM 6, RtfEMM 9 OSB^) &m^tc 
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j n 4 ■* n n * jsl x* & v m. £ n <s . 

5 ±1814 RT-PCR ;£lc£Sfl¥#rlS3l, Tf&l4'J TJUfJ A PCR ;ilC<fcS 

P«flgmt?fe<5. 0 + -14^*1^*1 HAC^WXtf HAC^^W^^-r. 
0 1 6(a)(4, HAC&W ES iSfflfl&&£ /^T#m £ tt£ ^ 2 ^^^tiT 

fe-5c 01 6 am, hac &w es fflf&z&Aisrcf&&&misrc^ox (fern) a> 
ee^^wfeiccku^etifeff^^x 246$^) (D&mm%s&%i dna ic*tii-3 

10 PCR8¥1ff<E>S&SJ|l'Cfc<5.TT2 (4 ES £HJfe£ , TT2/GCH2-1 0 14 HAC ES $IJi&£, brain 
l4flS£, heart f4it>lfii*, thymus [4fl$fl££:, I i ver l4JFFEt£ * sp I een ItSftBG: , 
kidney ItWffiZ * ft? KB?* d~c15 [4£-<itt£a-r. 0 1 6(c){4, ES 

ffl!&&m^XWlhl,tc^O*mtt-\Z*iTZ> FISH fl?#Ttf>f§ai£^f 0T-&3.7JU 
7 *4 KSE^JtfJv^^&tf BAC ^^^-<Dv^^-;i/^ISm$tl<5 (^DiJ)» 

15 01 7(4, HAC^WO XO feSl ES $^&£mNTfEffi £ ftfc** 7 ^ £ 

01 s i4, ®%mAJLm&&<Dmmizmmisfc7*-t7f*-mmi* 

BAC-LCR- 1 ox71 (Dftm^tt 0 -S . 
0 1 9(4, t h fl^n tf > lcr &rjc lox g&ft£^fri!fiigte£teffl UT*ftlg£*l 
20 fcAlffefe&lCfcUT, EGFP &m& : M%.Ufcmm<DmT'&% 0 HAC: thiJ^O 
bf> LCR JkXS lox SJft£#fri!5iett£<£ffi LTiiS tlfc Al^feft. 1 NT 1 
INT2 :pEGFP-C1 £lfefei*_t(D ^ >^ AfciiBf IC A, /c S 3£ <£> * 6> . EGFP 

25 
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J£¥£ffl<Df& 1 ©JsMliflf ?l£IAl^:fe{fc (mammalian artificial chromosome) 

MAC <h*>«fctf, dftlCfi t r- Al^feft (human artificial chromosome ; IUT\ 
rHACj <h t> I* "? ) 

(nf?lllIAItfefeft<Z>mfIg{*£: UT©^**-) 
io *3gWTf*nf¥l!i£Ai§S:fett (mac) Buig^tuxm i (mvf<?*- 

us i «<7*-itm$Lm-t> hp>7is9u«:#*. mac 
%t(D®mm.v\wmm-*imiz&i$z titc mac zmm-rzctwaimttaZo 

20 t UT$?glilO MAC $?iJffl-C#S C 

*i<5o §tt^^^-<!:l/Tliii (ABiSfci:) Kfc £ -5 BAC (b 
acterial artificial chromosome) Xli PAC (P1 artificial chromosome) 
25 1^-5 C -5, BAC 3Z.(i PAC £<£ffl-T3 £ tit. ^A^fE, *i"H* 
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:£§£WTteffl£ft£JIt*'^*-l;fc&fc]© BAC Xli PAC lc^M)5:Sft^^j5S-rc 
5 <fc(Cck 0Jx.fi. Belo-BAC (New England Biolabs inc., Beverl 

y, MA 0191 5-5599) ^fflS^iUT, C *l iCftJ RKi^iStMJIH IC J: o TRi¥liI-lz 

i7-(77 y-#e>fli!{f-3C<h#^#3o^Iltf>c<!:,!g 1 ^^^-<kH«Uc, 

15 SAiMi*, JUT. rvACjt t>io> tfffiflisti*. ^(om^oym 1 

«*LS-fc> hP>7BE5fl» *W.«^n>7'K5«l*5l>&< dC"C, rni?l 

t hTP/7tt 5'-TTAGGG-3'*«»y S 5 tlTSfiJc S *lT U , t hAI^<*(H 
AC) *ffc«-r*»£l=l4C©E$iJ0*y iEL£#*/Tl\3-fe> hP^T&^ffl 
20 H*C<!:J&*#*Ul*. 

25 lcaJRtSci*«RrijltJS:«*6T?*S. orft^tD^^-ro^iiiiRv-* 
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c^iccty. mac <Dftm&z\,u**<Dmm<D&m\zts\,\x&mtz&mtRmft&<}: 

^Sitt§ DNA 3>7h7^ 3Wfi£i4©m^MiE&fflJi&£^lfllc:ji 

15 mcommtf^mttez, 

2|s:^0flfCfcUTriii?L^-t2> h Q*7'il5iJj£«\ flfftSUBftrtUlfcHT-fe > h 

CT©r— awcijfcaj E5U left i,\T l^K litl^©^»^®^, 

25 StlTUTfcJcU. 
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t 1^^07^77*77^ h^lCli-J&IC, 5' -NTTCGNNNNANNCGGGN-3' 
1 )t&v£>£:<5 CENP-B box £fl^tt3IE?J#&iyfaP£llTm£x-<@IESS 
(Masumoto et al. NATO AS I Series, vol. H72, Spr i nger-Ver I ag. pp 
5 31-43, 1993; Yoda et al. Mol. Cell. Biol., 16, 5169-5177, 1 996)„*^B^ IC 
*5Cr<5RifL3S-lz> r* P * 7SE5iJ(i,»* U < lie© CENP-B box «Slgi:ft5 

th21 #^©7^77*77^ bi&®m&<D%iVl&m^Z>Zt&1k}&. L 
10 l\. t h 2 1 §lfefe^©7;U7 7lr7 t ^-r hm^lCOl\TliI¥fflfcfc!}#£ftT 
fey a21-l <!; nf tftl -5 1£ «21-l ffittriTJU? * -4 K n mfom u 

iSUzL- y h£n¥t;f*i<5iB$iJ£«l;l. cog y il n_ y hTli 5' -nttcgttggaa 

ACGGGA-3' (1£^IJ§^2) ^-5 CENP-B box WMM Mmmi?W.%l.®ffiWZ tlT 2> 
(Ikeno et al. Human Mol. Genet., 3, 1245-1247, 1994) e 
15 »*U<li, *f§Wlcfc(T-5ni?l3I-fe > h P * 7IH?iJ (id© J: 5 &7;U7 * 'T 
K 1 1 a^^yilU^-— y h^^ScWr-S. t h 21 FtSI*£ 

^65i-m$n, Pi^snfciE9ij^ffi5u#^3 (ft 25kb * -r Kim) 

0iJ*-tfft 25kb~ft 150kb 

©t'fX (0"J*.l£ft 50kb, ft 80kb» ft 100kb) <£)-fe > P ^ 71E?U£ffl US. $? 

lift 80kb JUT* 3 e>(C#g; K Utft 50kb JUTO-fe> hP^7iS9U^fflU 
-5. 1r-r X<D'Jm* hP-*7iE5iJ£ffl H -5 dill C ft£^fcffl 1 £ * - 
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[C, Jltf^*- (BAC) £ffll^0lJIC*HN-CiSft 50kb h' DNA £ -fe > 

5 (SiAl^feft) £ffl^Jfc0IJ lCi5UT**J 80kb ©7Jl/7*^ K DNA &-\Z> b 

Bi?LH-fe> hP^7-lE5U(i, jlgftb hMlfc*. WAV17 ^©th^feft^M 
*7<f - K$»;P«*»e» (JUT. rPEGEj £ (,\ ? ) « fC cfc o T 1 W <D "fe > h P * 

7-@E?y£#t; dna ttM-«f*ai(. sss-r*. sasa^^-ic^p-- > 

15 ug?l«-fe> KP>7E5iJ*«*-r«^P->«:^t?5-r ^'J-tKi 

T £ £ i§ 1=r IC (2 , £ft#SfflaiHRR»*&3^*m*Ti*tlSi-fe> hP^7-|E?"J 
$lRft§c:«!:»<Tt5, ifc<hx.t£» LL21NC02 5^77 'J- (Lawrence Liverrao 
re Laboratory) ffl U X a 2 1- 1 7 >»U Zf # -f K BJr U » d tf>BJrtf-£ Hf?L 

it> h P^TK^Ji: UTigffl-f 3 C(£>it£\ UU#bfca21-l 7 

20 JU7*-f K»rfir*«»JfH*TiS?LSHz>' hP^7i£5'J^migUT i b«fcUo $ £ fC 
li. 5lWC*£;*©g£:.5 a21-l 7^7=*-^ K BrJt«tt£t9l?t Cia&^Jl^ 
t?ti:TPi?Lil-b> hP>TiE^J^^mbT i b=fcCNo 

25 -f&[cni?lH-fe> HPy 7K5>Jrtl=(4— 3tt±<oa«fij«««??«E 1 i-a.Se-3T» 
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z . mm t % mm.miL > h □ * 7 mm^m m^mmm^.** ^^ x- 1\ £ <^i§£ «c i* . 
5 Rgycj&u. 

10 mmtuTs *ftfimm?zz\£iz&oT¥f%.<Dmfc z F&m<Dtoffl j t>fti£<D rna 

©«S*»*|-r**(D«1te**-r*K5"K 0iJx.lilMDHJ><5 7>3 1 -fe>X RNA 'J 
TH-y-'-f A RNA K-r-SK^flH^C £<> 

B toiler UTIiS^^ite^^^ffl-rSCi^T'^, t h^T/ v>H'J 
>^V^P t HP7~€ I (GCH1) it^^-s thJS^P £>mWi=?-m* RB ^ p53 
15 teZoymfflftmB** c-myc ^ p53 ;5:<!ftf>77tf h- i/*mBmfc=F. t*;^ M'f 

n ««» e> n 6 i§ £ \z fe u x ^ i£ *t $c © * > a * r fc ** j& -r & tt s s * £• & *> o 
^sijiai-r-sE^j^^ffl-r^c £*> etui ±T<D§%mmv>)miz-%v 
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©EJfl****'***-***^©**'***- (XI4-*©ffc«**tt> 4 
SCttTf S. 0J.?U4, CITB (California Institute of Technology) Human 
BAC Libraries, RPCI-11 (Roswell Park Cancer Institute) Human BAC Library 

10 (Keio Univercity), CITB Mouse BAC Library. RPCI-22 Mouse BAC Library £: 
E<D BAC 7>f U — ^ RPC I Human PAC Librar ies. RPCI-21 Mouse PAC Libr 
ary l3.E<D PAC U — . 32.(4 CEPH Human YAC Library, Washington Unive 

rsity Human YAC library, WI/MIT 820 YAC Library, Whitehead I Mouse YAC 
Library YAC ^-f^^ U — (iU±. Reseach Genetics fch. 2130 Memorial 

15 Parkway SW, Huntsville, AL 35801 , US) ^fijfflt^ C t^Tt 5. 

asie^icjttiAr-toiHanii***^^***:*^ x© dna isf^^^i^iE^J «t i/t 

20 *©«ll6^IIJ*Sn*«KI=fe^TCtiU:-*©?kK**UfcEWT*-3T'bJ: 
l\. CCT'©r-g[?©&^J<£:ri, WfcfcfcfcEaUCfc^T 1 *U< (***©*» 

HiS IC £: $ ftT U T *> «fc 
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<* (MAC) ^mig^SCt^-C^So CCT<7)^fM<DlE?iJ<!:tt. HSitfJlCtiEfriKD 

^.(^l^to^Sf)-5 7>5 L ■fe>X RNA ^ 'J tf-tf -f A RNAH£n- K "t" -S IE ?"J & T 

10 ifAffliS9J0@§S[i#lcpg££ft3t><DTM*£:U#, loxP hXli FRT (Fl 
p Recombination Target) V << hH£$f® iCffl O S C <h #T'# -5 = WAI* loxP 

-y--f h$mtntt« st* ioxp -y--r b£WT£ mac &&mz*i> z\taz ere y □ > 

bf * - -fef£#ffl £ it -5 C <t IZ J: ^ TgRft^M ft izmmo SE5"J £ S A ? Z> Z\ £ #T 
^^S*)|cmM<DE5lJ^^t? MAC #t§^£tl3o |5)«S(C. FRT If -f M 
15 AC£flsi£Ljfci§£lC[iFlp U □ > \i~jr-M £*"Jffl L Tg^6*l(C P/tHOIE^ tf 
MAC $git-5C<!:#t*t§, ft. loxP ^ hXI* FRT 1*-r h^<D-SP£&^ U 

20 ct^tfe.ns. 

£#frfg 2 ^^^-o^fflfiJ^^ISM-r-S z\£lz<£ U . ^lUSti-Snf ?L^AIife 
feftrt lc*fl&£ti-5i?AfflIE?Utf>iJr.£^*--5 C <h ^W^Tfe -5 „ £?fc* cod:? 

25 &m i 2 />c^^- < k©**Aic«kor««.aAxsfefe**f^«-rti 
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« ic « fit -T -5 if A SE 5iJ * ft it 1/ fc ni ?L » A I 3fe ft # tfi m 9k Z ti 5 . 
Silfi^iDSBSltfSlMclBPfcStt&lO xi*ifefeft/<f >*"J-»» (itfc^ 

C t&m'&T-gZo — ^MWHSlB^JlC^^n-S J: ?) ±iE(Z> loxPHtfJtfA 
ffliB5iJ^^ffl^-<SI^CC-f >XU-*-IE?U£#fffl-r*ltf. Bi?LiIAX^ftfls's© 
Blftiie^<DgA^#?R</<i:3C£#^JWL*:. C£><fc?lc, 'fVXI/-^- 
K9J £ ffi ffl -T ti I* ml*. Si A X Ift feft *\ <D ilfi M A ® m & M «> 3 <!: t x 5 8> 51 *> ^ 

is sn, a$wi^J:y 56Hic. afitjite^^»*#ufeBi?LiiAx^fe<*<D^m^ 
x. tz s 5ij & £ £ * is m \z fc ( * -r > ;* u - * - se t u r s i \ & c <t # x* # -5 . 

<h UT> t h J8 t^P t> HS1~5, ~ 7 h 'J /3 t'> HS4 (chicken 0-glo 
bin HS4h >> 3 "5 : J 3 £ Al • y^y-l/hO h ^ V> (Drosophi la gyp 

25 sy retrotransposon). £ =, ■ 7 U — )UX )\> 7 7 $ — 5' 7 ^ V 4 1 > ( se 
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a urchin 5' flanking region of arylsul fatase), t h T||JSg§fta/5 ORE 
|@f o/fi (blocking element a/6 of human T-cell receptor a/5), T 
7 V Jjy *}]'X.)l> ' 40S U tKV-A RNA ite^-U tf- H3--#:*--f"-tf- (repeat 
organizer of Xenopus 40S ribosomal RNA gene) tlT I* . 

2^**-) <D*f*^J<*: UTIi. gt^lE^t UT I oxP H<E>J? Affl ISSU U % % 

}fAfflI£$iJtf> 5' fli|T{i&< 3' ffiiJlcr >XU-^-iB^J«riHMUybPi?L^AI 
ffcfe&ilfllgffc (£52^*-) <hUT*>J:<. nJcUfi, if AiH^J £J£tf ct 5 Icifi 

& HT1080 fflJS, HeLa^ffllfe, CHO ^)^. K-562 Iffl fl& H £ ?I £ ifcffl Jfe £ l/Tilfflt -5 C 

20 («t?L!®^fe^w#ia^;i) 

^%B^©Pi?L^Al^fe^ (MAC) ©#|g?j;3H*. (DuBSLS-feV hP^7E?l 
^r^C^m 1 ^ — «h . «UEffi$y**fcSS 2 $iql9L9ff3±flil&lc$ 

iE^fflfifeo^^e mac ^^wr-siSfflfla^sJR-rs^ 3 xa&^tf. 

25 SB 1 I file felt -5 fjl 1 ^^^-ilg 2 ^<^^-(DSA^>4li!f#(CPlS^tl^ i fo 
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#AIC«-r^m 1 ***-tm, 2 ^**-tf>MJ±l±» *H6EW*5B3»Brtelc« 
*#L,7t MAC#ilWICflSfi££*l<5ck5IC, 0>J*.tfffS 1 : fg 2 * 

JUttT-m 1 0 : 1 ~**M : 1 0tt5. #* U< (i* 1 * - : * 2 - 
10 *m 1 : 1 £T-5. ^1 ^^^-*«^«:ia#f«ii^lCttatt©a5*-fe> 

hP^ 7£#tf mac jfttjfcdtstifc^te-fctitffcy » flb*a 2 ***-fl«il>fc»€f 
-Sii^JCli MAC lcm^iE?iJ^lRya^tl/«StNfc j enJ&<fe-5o -ST, 2 * 

icg tfjite^-ofgi! h-^;pa*«#<^s. &oT. **w© MAC Sl^ifi?- 

MAC *iH£?-5&*flifl>'<**'-£ UTffllxa»^ 

5|si < fcUTm^^nlcfeUT i kl^*ilC*ift"e&<5o 

«£fflfl&^©****-©*A*»ttWl::IEJ£S*i'*\ U*7if vaXFel 
gner, P.L. et al., Proc. Natl. Acad. Sci. U.S.A. 84, 741 3-7417 (1984)) . 'J 
25 >8**->i>At«Sl/fch5>^7i^'>a>, >s>x*->a V(G 
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raessmann.M. & Graessmann, A. , Proc. Natl. Acad. Sci. U.S.A. 73,366-370(1 
976)), X l/£ h P 7t*— U — v 3 XPotter.H. et a 1 . , Proc. Natl. Acad. Sci. 
U.S.A. 81, 7161-7165(1984))H0:fr;££Sffl-r&C<!:#-e#<5. 

5 « ± tin n A -?(*&! i 2 *&*-£<Dmx'm&x&£.c. to&m 

mxtc mac &&mzti2>. 

m i *?*-£m 2 ^^^-^^Au^^icji5He^$fflfla (ran ism**) a*® 
io jR^ti-s (^2x^) 0 j^s^^iisfflfl&osfRi*. m i ^^-xiis^^^-ic 

^fc^AUTfcl^g^-^-iifc^^'Jffl UT^*-2IA?£©$flJi&£mfK 
3 I£ #81 -T <5 *> W iz i\ =t> rilgj^i Jfetf) MiR J * tl -5 o 

15 

j£g$£&$iijS£jiiJRbfc&ic mac &&Gi-%mmtfmiR2nz> (ifi3ifi)o & 
frzmmmfti* mac iz¥fmtftte7n-7*fci*te£%m^tcfe&&iz&?T?Tz> 

<t t>-SPlC*tU T4#MWlCA-r y'J ^Xt 3^ P-^*fflUfc in si 
20 tu /W ^U^-f-tf— 5/a lCctT3T?7P C ^^T#-5o C (DlfKcfclMTifl 2 
^^^-*<iSWlC$a^**lT MAC#ff2j££ftTU£c<b£^3-<5£#>lC, Iff 2 

«**-\znmitote&v\ mx.i*mnmm o^u< ^^-m\z^^x^mm\z 

T ft O C <t A* £f £ U I \ o ± fC *5 l\ T £ ffl £ tl £ # y P - Zf <D ttJ fC (i ^ ft ^3 ft * . 

25 » «14 to sa:<!f**ij zfa-yommizm^m.^m^^yTmit fish(f 
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luorescence in situ hybr i d i za t i on) £ B? & ft. ! £±fr-D ffi& IC MAC 

#-5 (Lawrence, J. B. et al. Cell 52:51-61, 1998; Takahashi, E. et al. Jp 

n. J. Hum. Genet. 34 : 307-31 1 , 1 989)„ 

fg3i*iic*n*.T, ®mmm&®wizm&?£ftiz MAca^^n-ru-sct* 

JU±©#^^)4-e#e>ti'5iii?L^AX^fe^ (MAC) (i^iSJK^TlCfcOTfc 

io @«>T£j£fi*ncii£i#£*i&. as, ccTcor^iijR^^j mac w&&-rz>m 
ffl -r b5 m * * * * - s is ± m jjs <z> s a w iz «t o t *> a & 3 *> <o t * s £ 

ftZtf* *5£W<DWmifiii\Z<i:ftl$m3E.mi&'^0 DNA □ >X h^f V (^ 1 ^ 
^-aittBa***-) <3?^A^f^^> #«IR*ffrT, ^30B^il^ (^30$g 
15 ft&) iclffljfe (SB) 95%JU±(C MAC£#^£-tt3Cli:#RT^T*<&U, u# 
fcMACtfl 3 e-0[)*^^-r-5«^^iit^-C^^ (&j&<D!HjM£#P3). 

«»«C»6*i*««IE«HBIJ» ("lt?LSittllft> #MTf-<g> MAC ©ifcli^teiwa 
£$?£L<s ^fefc l J-"3© MAC <&^WUTt^-5d<k^^(C$fS L-U. *§£W© 

*?6W(DflilcD^ini> JU±(D^>ilCJ:oT#iS$nSiii?LllAX^fe^ (MAC) 

ra* is* nans (mmmmm z&m-tz. ^^«mKesnniaa mac 
25 ^flioaifticf^A-riBSiotttftiiiiti/T^ijffl-r^ct^T?**. sfc, 
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££fclcigA-sr3£:<h\ ni?Lgi AIifefe#££ttl*J IC^A-rsfctocoS&gtti: U 

(i«?lglAXifefe«*<Dl4ft> 
5 *^Wlc*3UTmm$ti<5Bi?LiiAI^feft (MAC) liJUT©14S€:fiix.-5o EP 

H-r-5K5iJ5Z.(imM©i£?iJ^Jf A "T If Affll^]) 

(4)ia/i&^g<Di^ic^iiiflaic'E^$tis» stx(5)^«3z.{i^«-e*s. mac <om 

10 fUtt, ^l*"*^*- (BACXfi PAC) ^gfrigfls^UT^igUfeii^ttxP^TSEJnj 

mftmrnztv* *n&K<Dm^izi*m&iJim&ii%<b<Dtimx*>nZo jsk m 

15 

JU±(D^ttS^0^.-5C<!:lcJ;y » *§£W<D MAC (±-£ft#2S A £ ni?l3I$B 
B&rt-CSfefefti: UT«8tgUOO. l|BJ]&#IS(D|glcilKff}&^i«<t£#? C £.13. 

sfc. *f&w<£> mac ■vizmM<Dm(ftmfc=F& s t<D%mmig£ fbizutszitz 

ik&vnmm-CTFiZ ftz<i: ? iz.m&imfc=?£ ut gchi ite^-^^ffl L^wicfe 
ut, m&&±iz&&uT^%m££ffim<Dmmm®tfmmztiTi,\%<, 



25 S&t'©^®) T'e^ttlC*ttSU#IE;*ft<£C<!:£nJ^|c^-'3 DNA IB$iJ £W 
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H&]U^C0Sflfi&lC*3t\T i fo^fe<*<t LTigltS. S£^T, <D MAC £ •> \ h 

5 flf?l^1i> hP*7IE?J(i CENP-B boxI^9J£#^T^^££<ha ^ #*Ul^o CEN 

p-b box zmmmizm? zmmz^/u-e^zzttfiftizttf * uu, $e>icii, € 

10 fcS6©*i6«U:35 3n«6«fc3K:, ^^IW^f8>(i BAC €:HtFSBi^<h UXfflt^fe^lc 
fcl\Tt h GCH1 (EC 3. 5.4. 16 ;GCH1) £n- 1 80kb <D 

JC&*# ^<5 t h- Alifefeffc (human artificial chromosome: HAC) OftMlZtfLV} 
Utl\§ 0 th GCH1 ite^O — •p[i*fefef*±'C 14q22. 1-q22.2 (Cfi^U, 60kb 
&±lCM-5 6 <1<0X£ V >^6^fig$tl-5 (@1) (Ichinose et al. 1995; Hub 

15 bard et al. 2001). GCH1 <D&aitmKf5T<Z>!&21 3 Z? 7 <7 * -tS§f 

h^t fp bf^-^^u xDgi&mms&izistfzm i &Rt»ft-?&(K 

^^(C^^ UTU-5(Nichol et al. 1985; Tanaka et al. 1989; Werner et al. 

1990) o rh^kh'Pft^f'JXi GCHK 6-tr;U7K-f t KP^f'J 

>^fi£^m (EC 4.6.1.10; PTPS) tf7 7 7 s - U >iI5cim (EC 1.1.1. 153 

20 SR) (Cck-5=KPt(DJS^lCj;^T GTP ^e>^fi£^tX-5. C ft £> tf> <Z> * T' £ M 
fcfrJSPTtf-f > hi* GCH1 -CfecTs^tO^mfiS^KPglCfclNTIitr-'r h^-T >^ 
^0£ISTIC& U (Werner et al. 1993), gBsR&fSPilCfclNTIi? << - h'A y £ 
$J$P*>A£g-e&<5 GFRP <D^@ETlCfc-S.x h 7 t Kne^^fU 
7S/itHO+y7— tf, EP*>. 7i-;l/77->tKP + ->7-t' (EC 1.1 

25 4.16.2; PAH). K -/* 5 >^/3c (C *3 (* 3 35 1 0»»»*-'C <fc <5 5 1 P *> > t 
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KP + ->^-Hf (EC 1.14.16.3; TH) . -fe □ b - >$L^f8. icH ^ Z> h U ^ h 7 7 
> 5-t + (EC 1.14.16.4; TPH) 

TitgtS, fh7t HP If^-^xU >li-ttfl:fi*£fi&»* (NOS) ©E^O^ 
^ifl)f <TlC&2IT i k&<5 (Kaufman 1993). GCH1 fh^th'O bf^^ 

5 ^'J >U^JU. &tf/3Ui TH i£14C!>ffiT**aRJ*1*# (nigrostriatum) F-/1 
~>-zL-n>(Cfe(t-5 >*£<DJSiS££:y , ^UTitfcfa K-A/fcg 

14*;^. h — — (dopa-responsi ve dys ton i a : DRD, iz. ji U £e<£S¥) (Ichinose et 
al. 1994) ^>A- + >yzXA©J: e>&l^< -^©W^S fcESffc WS^^I #J2C 

■r„ u£#o-c, *©S£>ftj?aiiiii&£^A;fc gchi mfc¥&&&irzm?imAJLm 
io fe^t* gchi mu=F<D%.m&mn.?zz.£iz.r$M^u< mm-c&^x. mmiz \n 

vivo GCH1 ©^^/Sfflffll^^-XAICDtNTWit^^W^^^^lC-rS 

(ni?l3IAIIfcfett<*>^A) 
15 Pf?L3IAI!fefeft (MAC) (DPi?L!Sifflfla's(OSAI±0iJ^(f2*:©^;i-C^P C<h^ 

£-r> mac ^#^-r^is±fflj!&^e> mac ttinsn*: mac «*r9UHtH 

c<h*«T?^-5. *-r mac &ftm-fzm±mf&<Dmmte&mmu. tuxmm^ 

^^$nrcMAC^ni?LSfflflfe'N^A-rS7i;ii:UT(i'J/-t?7i^->3>', 'J > 
25 l/f hP^-U-va >&£^e>^:S»iI&:fr;££ji^3c <h#Ti*<5. 
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mf&M-s&mm otcaTo^mx mac zm$immf&^&*-?zzL£*xzz. 
*-r , mac zftm?%fczmmtU'^&Bf£m&m?zmm.Mfflmtzmii>2i±* 
m^xm^mmo'pt^^m^mfSL^^^s.^ mac *«**-*/w7u v kss 

^JX-li^ O * A9 IfflBS. (American Type Culture Collection, Manassas, VA 2011 

0-2209), ^2*ES«iiJte, CH0iifflJ!&fl£^3c<h#T#3. msfc^ii PEG (P 
olyethlene Glycol) ttm^T'n O Z £WT-% % . llfiOA-f^U y H^flSOsjR 

-feS KMS«:UT^i/h^^^iPfla^^^5-l±^ m^Ttf-f h*7->> BMS&tf 

is m^mmt. peg £*ijfflufcii!^;£i?ic<fcc>TJifa3Sfflfl& mi) 
mac ^ftwrsniaafflift^it&ti*. 

ue) (D^m^mm-r^mm (mmwmi&, ft&mi&> ^anfls). &»tni& 

20 (^*H§P£#tfK JEl4l*sifflfl& (embryonic stem cell : ES HffllfeK El4^5i*Hfl& 
(embryonic germ cell : EG fflflS), *fif$i**ffl Jfe (itlfiim&iiiffl Jfe, IHIX%ttfllll&. 

^^m^fflia. #m suites $*#^^$fflfls. ±&^$*siii&> cti**iis&£) 
25 nnu&£ uti*. wAtfWMttwifcKJfo'hfiSfciaaH^ (pdgfk ^« 
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^A^^is? (dntf) h y a- Ktr^f (T3) zm^x^ti^n 

&<tmmistcMi&. r$mmnmi&& tgf- p <Dft&TT^igmux$k®Mf&^£ft 
5 itmmutcfflmwmif e>ns. 

10 

h^fflflS^tDMACO^Afi in vitro, in vivoXtt ex v i vo 1? ff t>tl-S . 
0J;U;££#rt<DiSfflJi&lc*rUTittg, nf?litAI§fcfett (MAC) ©f£A£fr ? c £ lc 
«fcy, 3U*£ttttT MAC £*£AUfc^JI&££#lCgAt-£ Cilery. 
^•T-SBlfMOgPia (M^li. «bJK« J^H^St©^) lc MAC *IAt^§. ■* 

15 o^m, SAgpffiicteiNT mac iz&i$2ftfiz&m&mfrb<omm#fTfc>ti&. c: 

<Z>«fc~>lC, MAC £tt3fcfife^££#rt'\<fc^A-r5£«><D'<£*-<!: UTf'JfflT 
#5. MAC 144^ n-->^ffFS*-fX***€r^c *#lcftj 

* & * 515 it & =? % m a t z a& <o * * * - ii u x » a ic ? u « -r c <t a* t # . 

20 ct y a^wicii. *&w<DB§m.mAJLm&#. (mao tt«Atfjte^7&*ffl©^ 
uxmmznmzo bp 5, *^itfc^<D*if&t$*i£gtfji: L-c*f5fciie 

§ S lttTtt5fcitfcT£^A-r.5C<h^(C : *:5SB.fl<E> MAC "f -5 C £ 3 » 

*flW<E> MAC li-€-tl^SAUfc$fflflfert-CS^UT$i*#^tl«C<h^e)s SAitfc 
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m<D mac ttmm?ti[Zumwi&*:%Ajti. x<d± &B7<*im 

b =? m a & & o z. t. & t # is. & o tc it e t s> a m x i* f£ « * * - x a * m m -r 
^^^poitfe^ow^^K^^^-r^. ^ic^fgw© mac it. n&m&^&to 

i&m<Dmmm-C7ii2tiz><i:?iz. *^B^#e>i±» Es$fflj]&£?ijffl uT±iE*f6w 

15 £>Hifl3IAl§fefeft (MAC) #SA£tlfcV£*<@{*; ( + tf>^£iilCj£ 

Sib*:, ft, xy ^si© es mffczm^fc^j-^^ox ©ftUJicin*.* xo 

^^BflOiffi?L^AI^fe^^»$SS^lft^Oftai (C t)?UfflT# § C i^JifS^ ti 

25 sns. wft*m£ nit Es«ia*fijffl-rs*a^58flisp©iw»icis8«»3 
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>7h7^h (MAC) oaA4j757^DOyi^va OS c t. 

#T£3. JUT, t h^SS^li^KD^iii^iioafls:^,!: ut, ^ 9 

X ES 8flJi&£fflOfc?j;££f&fW-r5. C <D I* MAC £&Wf<5 ES 3fflJi& 

5 §5. EP£, *-TfifM<D^fig© MAC ^^Wr-SiSlBa (0IJx.tf HT1080) £ffitcU, 
Ctl^®t/Jx^i!l!^^*^-r'5ailfl& (0O;tl;f^£* A9 SfflflS) (Cgls^UT MAC 

'j\ & £ m s -tt -s . m e> n $t a \ m & . p e g & £ £ $j « u t e s m m l m & s a z . 
^•uriii^iSiflawf mac t>o£>iijR-r-5. ^±<o<i:z>\zoxmm 

C CEiJIOlliSKrt IC ^ P ^ > y i ^ y 3 > IC i o T HAC «t 

x ({Ego icgmu, e«s^«fex(i?5i^^iccfc y (JKrff) 
is fs» #e>n£{?v£7jc MAc#sA£tix^<5c<i:tt, fF t 9 ^om&omm 

Ufe MAC (c^^W^ffi^iJ^Wr'S^P-^^fflUfe DNA Jgtfr&iflCcfco 

<H»J1> 7;U7^-f K-BAC<D*t^ 

20 Belo-BACO Xho I If -f h IC M I u I -Sf i I -Sac I I U A L/t pBAC-TAN £f£ 

SI L £ . pBAC-TAN CO No 1 1 -H i nd I I I +f -< h IC. <«: *> (C ^ ^ * 5 1 "> v > 
(Blasticidin)S W14 it =F tf Bf itT $> -5 . pCMV/Bsd (^f>thP^» <D 
Notl-Hindlll K>t(1.3kb)Xf4 pSV2bsr (f4ffitU^) © Pvu I I -EcoR I ffif # (2. 6kb) 
^IfA-T-SC tlCcfc y pBAC-CMV <fc pBAC-SV Lfco LL21 NC02 ^ ^ ^ U - 

25 (Lawrence Li vermo re Laboratory) 6>?# £> tl£ =1 * S K & P — <5 Q25F1 2 
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£ Sf i I ifiHfc&tf PBAC-TAN05 Sf i I h's^ p--y^|5e <h (Cck oT**j 25kb 
0 a 21-1 7;U7*-f KSlJt ( aZ5:U&mn 3 ) ^fil/fc. * £ tlfc, 

7;i/7*^ KSE^Jtf* V^AttfClE^StlTfc-S 50kb Xli 100kb ©7->U7 * >f K 
^ v -y-_ t.&^/ufdT )17 *4 H-BAC £ Mlul JSiZt Sac 1 1 /VMit L. £!UT7JU 
5 7 tf'f KHSJt^ pBAC-CMV 3U± pBAC-SV tf> Ml ul-SacI I tJ--r h IC^ tl^tlJf A"T -5 
C^lCcfc U.50kb Xfi lOOkb ©7^7*^ Hi)i^ttJ7;l'7*'f h'-BAC Tfe-S 
SV/a 50 Rtf CMV/a 100 £1§igU£: (0 3). 

<HJ£0IJ2> GCH1 ite^£#tf HAC <DBl£ 

10 t h 21 11 SttB&li y mU=L— V b (11 monomer repeating 

units : ^ S -B l J Mis =>- — V h) ( Ikeno et al. 1994) 8>£:-5 a 21-1 7JW 
7*-f K*HT1080ffllftK:aiA-r'BC tl=<k oT»*ftlC HAC *f^a-r*Ct«lRr 
^"CfeS (Ikeno et al. 1998). * g| SHAH T (£7^7 * -f K-BAC GCH1-BAC 
£*'Jffl UT,GCH1 iie ; f-l^^^*.,iE^lCflJ^l$nfcitfe : ? : %^^t-'StItStO HAC 

15 SMlfc. ^USS^JT^ffi Ufe BAC ^0 3 iC^Lfc. CMV/ a 100 [£ lOOkb 0) a 
21-1 7^7^-f £ jSJR V — 73 - tit© CMV-Bsd f l/T SV/a50 

(i 50kb (Da21-I 7-0/7*^ HiE^Jt SV2-Bsr SJR V - 73 - ±iEro7i;i 
■e^n-^tl^^^^fe. GCH1-BAC li BAC 7^ «J - (Genome systems) ^SSfc 
f -enii GCH1 ite^^^O 180kb ©yyA DNA (SK BAC-DNA 

\,\-?ftfr(DT )17 *4 K-BAC <£: GCH1-BAC *^;HtT 1:1 tte-SJ: 5 I- HT1080 

frtfllCliv Utf7i^*5> (¥73 BRL) UT 0. 5jiig ©7^7^f K 

-BAC t. 1.0m g tf> GCH1-BAC (186L09, ^yAyXfA) € HT1080 (5x10 5 ) (C =1 
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S^^L/Zc^fiS* 4Mg/ml (D7?X?-i'V> S (BS, WWUM) TllR^ 10 B 
&(CP P --^JSSJlUfc. 



W^il^t HAC##£UTU3£<i:£t$ili-r£*:«>lC. a21-l 7^7 
5 t^fH DNA £ BAC * * * - £ ~f P - 7 £ UTfflOfc FISH "C BS-aStS$ffl B&^^r 
flrUfco JUfcttlCli, (3:1) lCcfc<S@£fl:&0**7x>rX • 

FISH £frofc. HAC ^^tB-r-S^ctolC. ^ P - V 1 U T >*K a 21 -I 7 

7**( H DNA (11-4) (Ikeno et al. 1994) & v =f * > MWi Belo-BAC £ 

10 ffll^*:. COIfe FISH lC33UT(itf*^><IIf§t DNA £ FITC gi^T t* > IC J: o 
TWtt'fbU, ffe^vrf*">y->^lit DNA £ TRITC m^tiLit zt * ~><f =■> (^~ 
-?y/\4A) (CkoTPltl^U/S:. ^T>T7.M^miC^SU7t: CCD ^3 
;* ^ffiOT^MiiiiUifco IPLab St/ Adobe Photoshop 6.0 ^ffl^T^ * — 9 J 

15 

FISH <£>|§^CMV/a 100 GCH1-BAC £> □ h7>^7i^va XZcfc^TWe) 
tl£ 16 (Dmn&Wlfflll&ftV^O 1 ^> (HT/GCH2-10K St/ SV/a 50 GCH1-BAC 
h7>X7i^V3>ICj:7Tienfc 17 <DBW&mM1&W<0*V> 3 0(^ 
<D*<D—OU HT/GCH5-18) \t. ttVi L 7i ilffl Jfe © 95%JU±IC*5UT HAC ©3 
20 *£&fciJ-OWUTUfc. S£ U ©Iffl 16 S A £ ftfc BAC # HT1 080 Offefett 

{Ciffl^Sn-5X>V X(i FISH 8?#flCfcOT •^" < /U# < l£fcti"£ ! cf£E l N tf^fe "3 ^« 

m m £ tl it H A C # G C H 1 it e ^ <£> y / A ISt * £ # tS 5 * £ W 1" & £: 46 IC, H A C 
£#tM ^>(D$fflJi&l*lC*tLT GCH1 itfc^CDX* V> 1 St5l^V> 4~6 |C**f 
25 -S^P-^ (03) ^/W^U^XSttfc. X* V> 1 m<D7°n -7 \Zl*3L* 
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V> 1 £^tf 13kb <DtZ*?- JL#V> 4-6 m<D7 a -7 iZltX.fi 
V> 4, 5Rtf 6 8kb <DV3*i''?->WMmi 1 \*:m^tc* 

CMV/ a 100 & GCH1-BAC (7> □ h7>^7i^'>3>C«k^T#?>tlfc 
5 HT/GCH2-10 $fl ftfil £fc 1*3 CD HAC Jb» Rtf SV/ a 50 GCH1-BAC 0 □ h ^ > X 7 x <? 
>>3 >ICcfcoT#6nfcHT/GCH5-18SfflJI&^rt(DHAC±(Cfc^TMyP- 70->^ 

^a^n-^ftfctbsftfc da4) 0 cne>o HAc±ic^ai$nfe gchi «>^^-;u 

I* HT1080 <D!fefett±<E>rt£i4ite ; ?-© J £ttJ: U *>&Ot>tf>T&ofc.HT/GCH2-10 
&tfHT/GCH5-18 ©U-rniCfcHNTt>^Aiie ; f-^ HT1080 ©ffefettrt (C$I&£n 

© hac ctp p-zv^n, (t7f a-->^bfci 

<HJS^J3> HAC <D±> hn>7/ + ^ h =17^itStA*W*^^l3fcftS^^ 
15 14 

HAC hP*7/** h=J7P^^I@^Sfe«)lC. Mt>hn^7/ + 

^ h 37^>/^fT$5 CENP-A SO! CENP-E (Palmer et al. 1991 ; Yen et a I . 
1991; Howman et al. 2000) <DW& & HT/GCH2-10 Jktf HT/GCH5-18 <D * & ~P x -f 

20 ? izfj^tzo mmmm%.zf u/^^^A/^Tt FrnMitrnfoztfi cenp-a 

#tf* (Ando et al. 2002) 3Z.I±*5t CENP-E (Santa Cruz) fcWt £ *> iC-f > + ^ 

-hi.fe. #m^©^sicou-cii fitc *§-&jji 757 igG -VBitiiiturco two 

FISH P*f^W©fe«)lC, M?£tf>ilfflfl&£ IX/^^AJ^ft HT'gl^U. 
ty^y-;i//St (3:1) T@5£Lifco 
25 ra1^fe^^3t;i(CJ:-S^«TO^^^ -tt(Dfcm§£fe#telCttJ£UT*t£^fi£-r 
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-3 £5 fC CENP-A is# + f\,VL& CENP-E *s # + )\s & HAC ± fCfcifc £ *U fl/T^ 

5 aJRftftfeJft^ftftTCCfcW* HT/GCH2-10«Blfi»&tf HT/GCH5-18|fflia 

HAC (DW*^§lC*3lt-5S^14^^ftbfe. HAC ©S^14fi. ^ft 
«f|l*r««A€#9Mfl : T-C«4 30 B®%m?ZZt[z£ yffflSLfc.fttttt 
iCli, BS BlRSfrfefc^lfefFT* tt* 10 B&* 20 B ^k'&.Xf- 30 B &0>#«llfi&## 
&**7x-fX-;*?l'V KgHttO. HACO^££ F\SHT'ttffi UfZo 

10 H«lC*»lft»«»6W*«nfc 50 ffl<0#H*feft*»«f U» HAC «ft*tStlfi 
OfiJ^£}*S£Lfc 0 HAC ©»5fetiJ^li2k©SCI=<k-3Ttt-JHy«:. BP N„=N 0 x 
<1-R)\ iSU. H,l*aiR*frTC=fe^T HAC mt5^^7i-f X ■ 
K©». N p li#»JR*ffT* *S« n B^ICfclNT HAC ^ftttS/^?!^^ ■ 
XZf \y v Fom.-Z&Zo fts FISH MVtl*±i&<DJf3i tWlWlz'avfiZo 

15 

nmmm^Ts *&m 30 a ^icfcur, ht/gchs-is co^m^mmi&o) 95*0* » * 

fc HT/GCH2-10 (DitWPmm&O &0%& HAC *fll*UTfeU» HAC <D 3 

ia*tta**n«:a»o«:. ^jURSMtT. 30 Bfccfeur hac «**-*-«!■. 

20 Jfctf>flJ^£SlC- BSfcO <0Sfefef*»****l Ufc.HT/GCH5-18 HT/GCH2-10 

#*ifc$*Bi* a L/ tsi: lean* $ tut c <t * * ot* -s . 



25 <HS£0IJ4> HAC (7) DNA fftiit 
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HT/GCH2-10 rt&tf HT/GCH5-18 rttf>3- HAC ffMftT'& Z> 2> 
?%*itblz>zfn-7t UTxP^7lE5iJ&^ BAC ^^t^ — ^fflt^T FISH £fr -3 
fc. HAC ±lC^P*7v^^l*fciii;**l-f * ffe^TT BAC K & & — (D H — Z? 1? 

(i^fe^n^. cnic*ruT, ?t£$fflJi&T&<5 htioso fi^co^fe^w^^iii*^ 
5 turcMgMizm&zntco Mstifcau. bac a* hac i*m&mm-?& 

ifcfC* HT/GCH2-10. HT/GCH5-18, St;h^>7 l 7x^">a> ; £^ToTl^^5:t^ 

HTio8offlfla^e>-€-n^n^mufe dna ^MRg^mMs-rs-«!:icj: y hac © dna 

10 ^fi£^5^«TU^. A DNA-y->^;U (5/xg) £ BamHl Xli Stul T 4 B# ;N <t 

^;*IC^oT^^mm*iljlC#tLfeo *UT^;H*I© DNA P >fll 

fCf£3?U*:&» GCH1 X* V> 6 (2. Ikb) ^fclltSStlfc 32 P*HSt DNA (X 
^VV6^P-y) GCH1 <D±jjSMHS(1.4kb, GCH1-BAC TOftM 595-1959) 

^e>g3§a£ftfc 32 p#isi dna yu -y cus^p-^) ^A^^u^'fxsitfc. 

15 

*<Dmm. US ^□-^iCctcT^aiSnfc BamHI Sfr Jt <D V 4 X , F*g£14 GCH1 
jHE^SSfcCDfctf)** 5.0kb. GCH1-BAC fa$fc.<D ! b<Dti i 3.5kb"C$>-p>t. Ctl. £> 5.0kb 
&tf 3. 5kb Sm(i HT/GCH2-10 HT/GCH5-18 £ IH |g £ ft DNA |C;l3UTf5£ 
HL^ v^^U&gT&aiSftfc (05(A)). — X^ V> 6 ZfQ-7lZ£z> 
20 T&ifcSftfc Stul mX(DD-<< Xlt. GCH1 24. 5kb, GCH1-BAC 

m&(D<b<Dff 14. 4kb Cne> 24.5kb 14.4kb B/rttli HT/GCH5-18 ^ 

e>fntS£ftfc dna icfc^Tiatfti u^->^:Mu®jgT*&m£ftfc^ 

HT/GCH2-10 ^e>liiS$nfc DNA (C O U T I* ft £ 14 GCH1 & 3fc (0 Sfr Jt I- *D ;t T V ■< 

xwmtez smnomKtfm&it'ftfcL (bscb)). ztizommi*. *mmmiz 

25 fclNTfSffl Ufc HT1080 ffljfe<Dl£M# 3n T*fc3<PT*. HT/GCH5-1 8 ft O GCH1 # W 
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HAC# h7>^7i^ h£*l7fc GCH1-BAC DNA 3 U If - ©i^ IC <fc o $ 
nfc^t^^«t5t)©^&y> — ^"T? HT/GCH2-10 GCH1 I^V>6©*S 

^HSIcfelNTI?i£5iJ^^D. U^L US ;7n-:/lz<fcoTIBf$$ftfc/t> F©5£& 

|Cct-pT^Jffif^tl^J:5>CC.fc^6< GCH1-BAC £ 3 3 fc? UT U£ C i: 
5 &-r<5*><DTfc<5. HT/GCH2-10 Pi<D GCH1 g:WI$D£ RT-PCR T'##T Lfct Z.?>. 
GCH1 ite^^rtSPHE^l^SS^S^^ (f-^fv5f). 

HT/GCH2-10 £ HT/GCH5-18 1*9© GCH1-BAC TkU7 * 4 K BAC 03 fc!-£fc£ 
GCH1 I^V>6 BAC * -^^tl^n-^t Ufc H 'V hA'f ^ 

10 yy-f ■!£--> 3 VK^TifcJEUfco HAC |C#£tl&3- BAC <Z>*l*t=l e-§&JCO 

:>-;i,5ilg<Sico^T(i# dna ^a-^fflOT*SL o. mg <o gchi-bacdna <z> 

UTfflUfcii^lCkJU HT/GCH2-10 Jktf HT/GCH5-18 6 SI Hi £ tl DNA Tli 0.5 
15 /ig-e. *fcHT1080 *»6««SnfcDMA-ri4 iMBTO.Ing© GCH1-BACDMA<t* 

HT1080 <£>&Si# 3n T°$>2><DT' HT1080 <£> tfe fe F»9 (Cfc GCH1 itfi^^ 3 a fc? 

f HT1080 ^e>fSMUfc DNA (O > V ± JU&Jgfil £ W U IN fit *« 

HT/GCH2-10 HT/GCH5-18 tf» &H8 l^fc* « IC|*¥M<D DNA X^htltzt^O 

20 ^m^#^nif, HT/GCH2-10 Tktf HT/GCH5-18 it GCH1 iHn^S: 6 □ tf- (BP'S. 
&feft±;&tf HAC ±ic^-ft^*x 3 13 t-) MLfctttKifc&fcl*. BAC (D^lt 
3bf-£ft£ BAC /<^^-^P-^«ffl^T»6tlfc5ftlSfit*»6Jt^l'fc- 
HT/GCH2-10 HT/GCH5-1 8 ^ 6 UlU S tlfc DNA T li 0. 33 fi g T 0. 1 ng £> GCH1-BAC 
DNA £t£Uim-f y-f -tf-->3 ySSS^fit*^ Lfc. -^^S$tlt«fc7lC 

25 HT1080 *6ifi«nfc DNA TM* V £ ft/j: c> (H6*»). -ttl 
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i&lZM HAC It GCH1 mB=F(0^ tf-gtOfefcJ:-?- 3fe<D BAC^^-CDPtf-gl 

^wrs. iwoT, ± bac Kt#-<Du e-mtMf&&tzvm 9<zm-rT?& 

2>o BIJ-&, GCH1 m&=F(D 3 Zl tf-|± GCH1-BAC ©WcST'#ftl/. BAC (D^'J© 6 
Zl tf-liffi HAC ICfcUT7;i/7*-f K BAC ©^fc^T^S l/TOSBf T*5 t 

5 

<HJ|BfflJ5> HAC^WfflUa^© A9 $fflfl&^<DSA 

£ P - >"ft U 7 7 * H DNA ^^ffl-TS C £ [C<k<5, HAC <D de novo Bf£ 
#t hf£iHi3fiifflJi&$*T-fc& HT1080 rtTJ£3] l/T^S. #^$fflfl&»lCfc It S GCH1 
iie ; i L ©IE&7S:f£^£5gfS-r<5fca£>lCl*. HT1080 F*3 lC*i^£ tlfc HAC £#8£fflfl& 

io ftrticiAts^g^^s. 

^'MSftrt^titfefett^A (MMCT) (Fournier et al. 1997) £ Bjt6<b3~-5fc#> 
fC HAC^iM** (HT/GCH5-18) £^0 7, A9 *ffljj&&£ PEG ^fflUTItn l^fco IP 
•6,HAC«WlfflflS1*(5x10 5 )R^V^^ AgSSflSCSxIO^^ltiSgU^L/T PEG/DMSO 
(*>^"?) rt-eil!^$1±fe. MUX BS 9 /<-f >(0uabain)j531£$SII&£ 
15 -g-n-^tlBS (2.5Mg/ml) (3^M) TilJRb, BS «7 /W > 

flH1*$fflfl&^«: FISHt?5^*ff Ufc.HAC&tf fc [-gfefetis* PI £ 3" S £ «> IC ^tl^tl BAC 

^■J^-fXSttifc (0 7(A)). *SJH. Ul^iiMftro-O-efcS F/GCH5-18 l± 8-10 
fiOt h%k&W£ <t t>!C HAC <7>n tf-£ 1 X(S 2 JU±#A,T'U;fc. 

20 

25 7^ h dna zm&fc&znz^ 0 xmmfrzmm? % z. <tiCctoTi#e>*i& 
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(Shen et al. 1997). *Z\T'. HAC ±<0^ 0 *T-f t~»f5 4 h DNA 
WIS* FISH"CP'<fcoHAC±fC-e-<^---9-^7-< h DNA^v^^ri&ajsft-^ 
-*f-C^Sx£fefeffc(B-fe> hP^7TI4Sll^>^^-**«1ttt**l.fc (0 7 (B)). 

<Hii0ij6> 

io ^-mmfim&ztifzo \ucBtinz&mztifc gchi-bac i± gchi v> i © s'nw 

±;7SE^HS^e>te*-5 100kb y £#/uT (^fco fCt, HT1080 & 

HAC ^«^-r-5^05^^^lCfcCj-<5 GTP ->*P t h'P7~^ I (GCHI) 
jffl^Ufc. *©«ftl=«fcn(i, il^ilSiffl^^lCfclt^ GCH1 j£1£(4(3:<fc/u£fcjii£ 
n&ua<. lFN-r omSlCcfcoT j ea>;S14li±^-r'ST*fe5 ^ <h^;»l^nrc 
15 (Werner et al. 1990) o fCT, HT1080. HT/GCH2-10 Rfi HT/GCH5-18 (CfeCtS 
GCHI IFN-rO#£T;&tf##£TT##rU*: 2 )„ ft, GCHI ;Stt©;ftJ 

J£¥*(**<0»y £ Ufco IFN-r (250U/ml) ©iggjg^ffl^T 

(phosphate-buffered saline) -C;5fc;#U. $H(,\T0.3MKCK 2.5mMEDTA, &Z>* 
20 10X^y-feP-;i/*^t? 0.iyTris-HCI(pH8.0)t»»Ufc. GCHI jgtt©3BJ£(*Bl 
(Hibiya et al. 2000) icSto/i. 

GCH1-HAC£#W HT1080 Tli IFN-r mm% U & l^f* [Cfc I^T GCHI j&tt 

5 DT^a3-e#su^Ji/-efeofc. — *\ ^-©jSttii IFN-r ©jpanicjco 

25 T15fglC±#Lfe 0 HT/GCHZ-10ma#-C(* IFN-T«»*b<i:l\*fHceUT, 
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HAC ZUGlsfc^ HT1080 (D&ttimCD 3 fg© GCH1 6 tlTt . IFN- T P^ 

30fgifi<(DJS14W±#^*e>tlfc. CtllcMUT HT/GCH5-18 X'lt IFN- T tf> 
^#^TICfcUT GCH1 jStili 70telc£T±JIU. I FN-T Srj^AP ^ -5 C <h TI IC 

m 5 fg<z)jsi4o[)±#^*enfc.u-rti(D ht/gch-hac ^Ba»icte^T j t>-e-o^g 

5 ltmte&*><0<0 GCHi ;S14<E>±#^*fg«>e>ft. cinii^feft^^&t^/Xli HAC 

HT/GCH-HAC ifflJJS^ lift Mi LT I FN-r mB (C^SitT* o T. *Ui g <£> Ife fe 
±<0 GCHI ite^O^IUcfclt-SfS^tttlUfilT'&^fe. 

10 JU±OH3K50iJT^U^:cfc O \Z. 7JU7 * 4 K-BAC RZfi GCH1-BAC 1 : 1 © 
DNA ®]^TfflUfcliS^£::a h7>X7i^->a >ai:iot. GCH1 &fc=? 
(GCH1-HAC) &<£tS±%tS. DM Z^ll 1, tc HkC ZmZZtlZlfclhUfc. £<D 

gchi-hac r*xn;*7£#*&oJii*«iifcfcft;be>-!*\ #ajR*frT, 30 mm* 
±(D^ic*3t\T i fe 1 □ tr-d^s-rst^sjc^^s+xrco cm* hac *f«iiififfl*B 

S, HAC lilt'f 7^^ — * (cy tological ly megabases in size) U$>-?X. 

h7>^7i^ hStlTJ: BAC DNA «fc U & $*J 10 ^^C^ tN„ 

HAC de novo JfcfiJc©* 73 — XA £H3^«5 IC HAC <D DNA *fti£ 

20 £##fUfc. BAC □ >x hTMil/7* v*- (SiJRS^^) WlSrSP fitDBi: 

/u£±xw*^)iitt£n&z\£.&zt&mt£nzmmfcftft&i&<D gchi ite^i 
£#tfc<fc^s>, gchi mm=s-<o±mm*ttm£ vrcmmmm^m\tmm-c$>-orco 
■znt&iz.n* it bac ^<?*-t. gchi ise^ji<i:a)^^gpffiicffi^-r'5pi^**t 

*[C*JIBB*#*r*frofc. ^-(^^m. m%fttc--D<DmU&to<D GCHI-HAC lit 
25 LT GCHI -BAC £ 3 □ If - £ 7 Jl> 7 * -Y K -BAC £ 6 3 tf-#W^T 
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Ofc (0 5. 6). HHC&!$.<DlEmti:**=X&lt*WV&Ztfi. GCH1-HAC liagA 

vrc DMA©^«#*»6«**n. cmtmAK=?-t 0x7*7 *<< k-yacxi*7 

^7*4 H-BAC(D^(x-^^^-r)^ffl^T^Rg$nfc HAC(lkeno et al. 1998) 

izmn-fz*><Dr'&z>tc. hac (ommomizmmo bac (m^) zwot 

5 {,\z>mMlt. BAC ft^fD&MWitW BAC DNA g #(0^*1 (CAnxT^^^Wia^^. 
IC«^ £ ft# -5 C <t £ U fc. 

*#fcfc h<fJ & DNA HAC ©J&fiJUCOOTI*. S£*IC 140Kb XI4 162kb 

05 HPR1 mfc*m&&mistcmt)m£Zft~Cl\% (Grimas et al. 2001; Mejia et 
10 al. 2001). 1ft6li«»ttlCfai»-r-5 HATJgJftrtlCfeOTHPRTJSe^ftHTIOSO 
fflJ&ftrtlC HPRTiifc^-^fr HAC ^^T^SommS^^^-^^^Wdl^il^ 

^ T yp_^o5 htio8o mmiztsifzmm&itig.^T'&zvo *nmmiz&.tii* 

BAC |C#A£ftfc 50kbS«©/h*«:o21-l T )V7 * 4 K DNA (CcfcoT HAC <-fe> 
15 hP>7/+^ h=l7) £JBJ»T**C£j&«jKS*U 50X0 HAC *tj»A« 5 

-5 BAC £$fti£fi*)lC HAC (cmi&tiC iiJfe*4Ci#5Sftfc. UfctfoT* 50kb 
<D7 )\>7 *4 K DNA *^t*7;l'7 * -f K"BAC E "B iCfiJffl njm.te BAC =7 4 7 

20 »AJte?-a«Sfe*a:tt«T**c:fcl*HAC©JB 

fi!c©& ICStlS 5 tl -5 T*& 5 O . 

CMV ^Q^E-^-SfciET© Bad Jt€5 : ?-** - r*?^«lB««IJ&©a!«lli BS ftttffl 

«&©»*.* an hac xiiffi±jftfe#±^©fia*ic**-r* fish 
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5 «5o 

IS SI. fagSftm(Ci:-5^Ay (PEV) (Karpen 1994) £ UT — JfelOP £>*ITIN-SS! 

10 'J ^>9±©tX h>H3<D>3 L JMb#HP1<&^P^3 L >^<Z>*-'5' f -7-f' 

i^lSSftTU'S (Platero et al. 1995; Bannister et al. 2001; Lachner et 
a I. 2001 )„ M&tf/NXlcfcOT-teV HP* 7/** h P 73Z.fi -^(DiS^ |C*3 If 
§v?->-y->T U>-> >^t»i§Sfttfc y (Karpen & Al Ishi re 1997), 

tc£x.n&mzfn*:-*-(Dm®T-e&^T'b hac rticmiasn 

7£:3®U^-*-iife ; f-O^Sl^!t<lfP$ | J^tl-SC<i:^:^U7t(Abe et al. 
20 h □ 7mii<!:<Ollf^lCfcUT h^Py-«l«Kl*^t5!i:«g#*§. 

HAC ^6© GCH1 itfe^<E>f§JJiUt GCH1 afi*-ffiXI4-t (Difil$tf> * P "7* >m'& 

hP7«ii6j&«7;i'7*-f KiE^JSP^icw^^fiE^tifero^^ni t> gchi itfc^ 

25 l^rt'stilS^-DTtQ^^^SEbfeo CENP-A |*«Httt-fc> hP>7/*^ K37IC 
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&mi$LTZ>OT (Paler et al. 1991; Howraan et al. 2000). S*{iHAC0)£P 
T^V^ii^ft CENP-A iftft£fflUfc£P ^Vife^Sfcl^ (ChIP) }£ (Ando et al. 
2002) T'##TLfc. ChIP ;£li;*£>J:5 IC^ofc. £-f > HT/GCH5-18 ipfflflS^ (5x10 7 ) 
5 ©J^^^gtU, WB (20mM HEPES(pH 8.0), 20mM KC U 0. 5mM EDTA, 0.5mH v*? 1 * 
^I/-f h-;p % 0.05mM 7 x-^^^l/*^? *-)\,7)l* U H) (CjgfiSUfco 
MNase jflflifc, W^ft: 5 tlfc * P ^ > £ St5B<0^;i (Ando et al. 2002) (Cft 
t\*5t CENP-A ftteT?&3£2fcl§ Lfeo 

HeLa ffljfc&tf HT1080 $fflj&£<£ffl Ufc <fc ? tittVi IC l\T±fcft»» DNA 
10 + <D 60~80%^7;U7 j!- W FlE5iJlClA/-eU7fco *rt CENP-A #tft£ffl Ofc##T<E>$£ 
m.±&i£2fc[§ DNA (f ICfcUT GCH1-HAC rt©7^7*'< K K^"J It&M lC?¥fi "T -5 

c<h#fs#>e>n;fc#, gchi fcmt&tfvEft&LysX^tziwtco ctiicwuxz 

KIE5iJ^e>te«t j e 3kb ffitlTW&?% BAC * * * - BB^>J t> * fc&i£2fcl£ 

4*u ctuccfc^TT^^*^ KE^JSP^ic-fev hp^7/+^ ^^rmm&m 

^jfS-T). -fe> hP^T/** h=!7!Sii# HAC rt<D GCHI A"T -5 

20 GCHI mfc=?\tT t HP t'^yf'J XDSE^flmS&tC&ltS, £ 1 fSRf^ 
»JS»iR*P- HI (Nichol et al. 1985). mU&mitft^WiT 5 / B t HP* 
v^--fef (PAH, TH, TPH) S^-^-fkMm->>^--t*(03 7 T i>^--Cfet>T^ 
SS^ttlCfffc*-* (Kaufma 1 993). GCHI iHs^li H - v * h - 7 (DRD 

/•fetf 1 ?^) (Ichinose et al. 1994) IC (* § K - 5 V^SCKiafi^'C & 

25 £. ™ iae*©£«ffiii££t>ic gchi jae*©*»#£r*£*sfcfflffl«tt 
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if* h-7//t-*>V-XA#i5l#jg::£*l3 (Ichinose et al. 1999) 0 

thX.tt^O*<D GCHI itfc^<&±«JSPIE?JIC^OT(iCft£T-(D<!:C:3RB 
Z>nrzm<DMm&irit>fttclzi-€tel\ti<, ccaat Ttfy^x&tf TATA/Ky^XA*^ 
5 #StlTl*«5 C (Ichinose et al. 1995; Hubbard et al. 2002) „ 

m«&if iMm%.tf t hiSlfl&lCfcOT GCH1 ite^©f£JS# IFN-r iC^oT^g 
$n^-5C<k^{tPl$nTU-5 (Werner etal. 1990). L,&*U&0f&. IFN-r O 

^ ± ; U e it £ # A/ fd IE 56 £: * * - X A it * m <D £ * T? & -5 » 

10 t h j8 bf>^tN< O^roiifi^W^^tis ScJ^bfc&aiSfS^ft&Pfl^P^' 
^yaiicD^i&StKli^^Spiie^-aiSliSM^ (LCR) lcJ:oT{iiiJ$P£ti£c:i: 
t)m*>ftXl\& (Festentein et al. 1996; Mi lot et al. 1996). ^^SS^J-C^ 
mUfc GCH1-HAC it GCH1 itfe?-£^tf 180kb Aifr€»}|l/, ^*ltt{C$l 

15 &$i|®IE9J£^TO£<t#*-e>n3. ±m<D£?iz* *5£W#e>li IFN-r tf># 
STSt/^^STICfelxTHAC^eOGCHI itfc^O^SI^: GTPi/^Pt h'07- 
tf;£14£*ItIlC;IJ;£U*: (0 2). IFN-r (D^ETT-li. HAC (£*r$IJ&**T& -5 
HT/GCH2-10 05 GCH1 jStili HT1080 E>-?-nJ; U t) (£A/£>i!> O t) <Z>T& o fc. * 
fc, IFN-r (Z>;« ICO; ?T GCH1 jS 14 lift 30 ^±^-U/b. >b 5— 3©»J»«c-C» 

20 HT1080 05 2 GCH1 M {5 ^ £ # ^ "f <5 HT/GCH5-18 GCH1 >g14l* IFN- 

r ^STIC&txT HT1080 O-^-tlJ: l) i fc7O'|gi^<,N*>0}-C&o7t. ^UT^coiS 
141* IFN-r ^IlCckoTS e»IC5^±#Lfc.±MCDcfce> IC GCH2-10HAC±WGCH1 

m&=i-<Di\< ^fritmmtommzmi-zzttfTfi&znrcoT. ht/gch2-io t. 

HT1080 t<Dm<Dmfrtzm®.<Dl8MiZ^'£te gchi Sfi^oali-a^ft^ci: 

25 .ic5tt^-r-5t)05-e$»-5^^^.e>ns. cne>o^miCct ot> gchi oiftfi^ 
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it hac \zt$tf2>GCMmm=t-mizmm2ti2>* n^^ym&om^iz&^z&i-tz 

-^"C.GCHI m&=?-<Dm%lttii&t UT I FN- t iC/^^lt^^-T & d tW^S ttifc. 

IFN-t gl^^OSS^ GCH1 jg14U^;Hi^fl&^rBlT|5l^Tfec»^: 0 

c a) - <h li gchi m&&mmtemmft\zmft?ztc6b<Dmmtenton'M *s*t 

5 A##£-r-5C<!:£^i&"r"5fctf>"?&"5. in vivo GCH1 ISSlcDJtSi&ftJ 

®**»^XA£iIP-r3it#>lC GCH1-HAC liitfig&v'A^AT&S if ^.S. 

77= vi$!#2-f (aav) ^^7^-{i^;u/t-«5-r;uxfic#fi*jii5iS^icJ;'5 

Ifi^iffltl/Til^nS. AAV "^^-O^Q-^V^ttStf-f 
10 ite^f6aic&^fc^n£#<D$iJ8PM£#*£:U cDNA zmfflitZtclsb IC + tt 
|C IK £>tlT 1^3 (Dong et al. 1 996)„ GCH1 BfPyVt HP*">7-t' 
(TH) JSiZfi^Wm I 7 5 7 Slx*^**^-^* (AADC) ti^lcSft^W/j: K- 
/1£>£MlC&*I©itiSi-efc<5. IfcttfclCteUT AAV ^&Ctl6 = OOif^fl 

15 mtAififBttb <E>tlTU-5 (Muramatsu et al. 2002)„ 

X^^t^'f > • A--5>f (EBV) ^-XtDieV-AW^^^-BIS 

e>n^ui?Liiifflfla^ic«uT HPRTite?- oiskb) ^^A-r-st&^^sy . 

^Hft^in^(Ommitm±^ntJ:^^r^tom^t) i ^^nft(Vl!i<is-fiirl\ns et al. 
2000)o L/PU£:#e> EBV '<-*(D'i**-{Z&MiR0k<*TT~lt HAC ct U fc^&IC 

20 &*>*iti^ ^commao* h7>^7^f^-^-e»§ ebnai <d&&iz 

Tl*2 e>^-5^M^^PTfe-5o HAC li±iBOitfe^^Affl^^^-lC-3)^T(0 

^JICfctNT^^Jtj:^^ Amfc=Fmt£ftftlsfr HAC li^fe^^lCfclNTltf#$n. 
25 Heii^tlfeiie^^il^^^f-tofcoT^Ufeo ^-tlftlCTH. AADC GCH1 £ 
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Isfrlrteifib* BAC £r?'Jffl L/ifc HAC <D de novo ifc/?S#-?-n(5 <tf^]*fi*J (Cff *>*l 

^inc*!:. hac mm(Drct(><D&&(Dfflmft&&mx'&zzt. at* hac ©if^fx 
5 #p. hac zmfc^m*** *-£isrmmizmm-?2>tcisr>izit htioso rtcii 

#n-t)U) (DBf$.&*l1fe£-?2>'?0* A9 iSfflfl&^ffl U7t MMCT IC ct -o XM Air 2> d 
<h#T#<5 (Fournier et al. 1 997). ±kB©H*S0iJ IC^ l/i£<l: 5 IC, 

j*#aiR*ftT-c hac (Dtk&isnzmmmit&w? z\£tz<m&ftmizts\,\T 

10 HAC £££Sfilcm*5-r<5^0* A9 3fflJ&1*£*iiltT-5c:<»;lcjS:ftUfc. d© HAC l± 

&L±(omMm\zj: y , gchi itfc^«ne#©$y®^£<»:fcic#&-r<5 hac 

£ GCH1-BAC TktfT )V7 * 4 K-BAC h- ^ 7 x 5 *> 3 > IC J: o tlif # 
15 3Ci:#^£la7to C<D GCH1-HAC Ii*J^l$+l7t^^T' GCHI itfi^-^^ilL/, 1/ 
1ttfi-oT in vivo T- GCHI <D$\m * to —XA&m9i~? ZfcftOtftMUi' XT &~C 
•5d£#iEW£ft£:= GCH1-HAC iCOHTOKft-SffiStCcfc-sT* t>ha>7/ 

**\*^7*mm'tz><D\zm.tei8L>&mi3iT)i7*<< hkjucs. gchi so 
i»sti&tt»-c©5feaic ! b»)a:±3iEiii*©«»» Jktfummmzteuz&wm* 

liBgffclSiaiCfctNTM 3fc GCH1-HAC tfim.&=f-&$kV ~ & £ bT%ffl-Cfe-5 C £ £ 

<HSS01J7> ^/h^Hl^jilCck-S HACOESlfflJfe'NO^A 
25 GCH1 jt£?-*«*SUfc HAC HT1080 « £ Hffl Ife §fe ^ ;£ T? -5 * A9 M 
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jfc^Aufc. z-rnmmstmmommT*. hac &mmm& cht/gchz-io) t 

■VOX A9 gfflJfe^S&^St^ BS WltfioC? VWttOfflfla^^S^Ufco it 

JK£tlfc$IJfe1*F(A9/2-10)4 IC&jgg 0.05pg/ml <t 3 <fc O IC □ ;U-fe 5 r 1 £ *P X. 
tc'&. 37°C. SXCOjO^^t? 72hriggUfc. h 'J 7 > >MS IC «fc U $ffll!&£ 0 IR U , 
lfil;t£#S&^ D-MEMigifelce^Ufco I*--* h * 7 •> > B £ 20ug/ml Id&^cfc? 
(C in X. T 37"C, 5min.SSt^Ufc^. 37^ (Cftfl U T fc Percol £«*PX, 
fc. m^Xi&'^mm (1 5,000rpnu 90min.) Z'rilK ®W. ^ 3t. laUKLfc 

^/jN&^Jflljf D-MEM tgifelCl^jg St^^'Cx^a (2,000rpnu 

5min.) £*7lV ®*>tltc%.®L («*«) €11, JDl«*$*ft^ D-MEM igife IC!H 

ct 0 [HllRbfc ES « TT2 (C57BL/6X CBA) € JP X. T 1 , 500 rpnu 5m i n. ©is 3 
*m*.«m£«*«*ifc«3*fc.±**» Tfc ** ifll * 1ml ©D-MEM 

m*kZtoz.xm®2 J £fc.Z<D&mT- 10#PaPi*^(M;£)Ufc.MUT.1,500rpiru 

5«in.©a«c>»acc«fcoT«jiHd:a/h**a«**» ±»*»Tfc«ic mi © 

PEG1500 (Pr>a) €*PX.re^$"ttfco M;S-e 90 f^F^ifSUfe^(CJfllj»«:# 
D-MEM igife£ 5ml to*-. js^MS (1,000rpnu 5min.) $ffl Jfe € 0 JR U fc . 

liQiR Lfc^flfe icifiljff l£ U D-MEM igife^; 10ml AUX.fc^% I.OOOrpm. 5min. 
©il,kMglCcfc£;ft^£ 2 H^fc. §Jfc*a©Stia*: ESy#* (D-MEM+##3I7 
5 y it ( Invitrogen ) +0.1mM j3 - * ;i/ * ^ h X * y - )V +10Wml 
ESGR0(Chemicon) + * £ lx*-> K) (CfijgLs * 6> nfc«ll&»a » ^-fh^-f 
•>> C«iaicJ:UJia*ff±S-a:fc7^-^-fflJfi SLB (ftjl|ffijft»± (BH<* 
: Fujita Health University School of Medicine) <£ U ±ICH 
life, J8ttH*ft#>& 24 iSIBHiiLfcfcjS-C, ^^h^-f^V s 
4 M g/ml T'^ti ESHiSil!HcX*U-C*S«*«l«Ufc. C ©jllR»^*H»» 5 B B 
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fCESMigife (4Mg/ml Zf ^ X h It-f v > S. IxHAT (S i gma) ) IC3c&U* MIC5BP*! 

5 fflLTBACDNA^«Wr^^fla^*SiWL.7Jl/7*-< K DNA, BAC $ — > GCH1 
WT^^T-f t-*t7-f h DNA *^n-^ (%mW2. 5 
£ LTffl INfe F I SH Jg#T IC#t Ufco 

IH8A|*7;P7*WK DNA Stf BAC * - It. IsTm^lt FISH Jg*f 

10 ©^lf&5. »*«7^7*-f K DNA(D«>^7";U <*:EPK BAC * - <D «> 

(fcDU) itiitssnfc es mi* hac £ i =itf-#^u. ^oms 

!8Blikh GCH1 itfi^OX^ V > 1 Hi^i: BAC*£^-*:7n — ^tUTfl! 
l^c FISHf^OfSJUT-fc-S. GCH1 itfi^O^W ->^^-;l/ (fcEP) tBAC^^^ 

15 -(omv-stf-i-fr (fc&U) ^HAC±icl^a#lc:^iJi^n/c. 

lac tiv^^ ^---y-7 L 7-r h dna t bac izf-zfu-yt utsi^ 

FISH fi?#r(D*§J!IT<&<S. HAC ± Id* T 9 •< * 7 h DNA <D ->^:»-;U 

(-gp^^EP-e^-r) &m&tsntzfr?it 0 ffi* *iiu (± bac^^^-<d->^^- 

20 

<HK50iJ8> ES HAC 

Esiaaa^T-to hac <e>Sc5£14£. sfRi§#i#^£TicfcoT:&jui(cissir3c <j= 
ic<fcy»«f u>t.siifi«i 7-c»6+ifc hac^w esmi&z??* s <z># 

£T<»:##*ETTigg (20 BM) FISH;££?iJffl UT HAC ^Ml/tl^ 

25 «i&o«i^**ti-?ti*«e>fc. 8?#rss£JH£ia 9 ic^-r. ^sij^^STTos^ig 
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^iCfc^Tfc 8iiJJU±(E>®|Jfe#rlAC£ 1 □ t?-<D4*f^T'#*# LTUfco ~m<D 
MmftWi&tc V<D%:eii*.W.mm$:§tnUtctZ.Z 0.2XTfcoT,HT/GCH2-10|ilfe 

5 N„=N 0 X(1-R) n 

<l§iiS0IJ9> iSAlM (YAC) $ffll\fcthA3fe<* (HAC) tf>*§lg 

mFlB& i l/T YAC S;lUtk h ll^feftOfl^P bf Vjfiffi^iK £ 5 * * - ) 
£1SiSS£«&-f <5 t hAl^fe^^iaT©¥)IiT'^mUfc. i$ ffl U H* IS YAC 
10 l*2fc<D)!UT$>-5. 

( 9 - 1 ) gulB«s YAC 
A201F4.3: t hjS^P If >ite*-fli* Wf £ 150kb<£> YAC"e&oT. A201F4 <D 
£B&gB£&g£ U PGKneor A£ *ITU<5 (Keiji Tanimono, Douglas Engel <£ 
tj{itJ* % Nucleic Acid Research, 27; 31 30-3137). 
15 7c5hTEL: t h 21 #gS=fe{*7 7 * 'T K H ® G * <D ift 80kb O/^??^?^ 
h («21-l) Rtf^-^-iUS^© SVbsr ^<75P5^(Z^S7=-P J* 7 

IE?iJ£0*j&^^fl>rt<|i||ct: h^p*7iE?]£^x3Ailfefe{*iftiefc yact-& 

•5„ 7c5hTEL ^fttt^SS (Saccaromyces serevisiae EPY 305-5b a 7C5HTEL) 
It 1996 *P 8 14 Hf*«tTaiSfiSI*lSlft?»IR*^X^X«ai«fWSt»f <3t£ 

20 li&3fcfftt!*A*i&&*tt^ffl?Ejlf T 305-8566 

mo<{fmmi TS 1 13§ **g!6) CSHSftTfeU (gltf§ FERM 
BP-5625), 7c5HteI I* C £ Htt $ tl-S . . ^ I£ilS&£>#i!J:fr ;£ IC 

Ot^Tli^a 2000-51 7182 ^&$B£#HI * tlfc O, 

F61 : HT1080 IC pTet-OFF (CLONTECH) S;IAI/, G41 8 ilJR IC J; U $U3l U "f- b 

25 .5*-f * 'J >»»f63H3RfflJfi-C*a. 
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( 9 - 2 ) mmxi:mit.w<omm 

JUTcD^JlSX Pulsed Field Gel Electrophoresis (PFGE) £J£fx l/T 2 HI® CD 
gfAl^feft (A201F4. 3 7c5hTEL) £ ^ ft ^ *l # §8 L/7t e PFGE fi Gene 

5 Nabigator (Amersham Pharmac i a Bi o tech) £r^ffl 0. 7X7" # P — ^^JHC fc l\ 
X 0. 5xTBE, 180 Volt&tf 15 second pu I se C7)^#"C 1 5 B#P B 1fT o PFGE )V 
«fclJ#8Sl,£: YACDNA «r^m^cift|C«kU 1 KiSi&^T # P ~ T^ffr^® U » CCD^ 
JU£ 10mM Tris(pH 8.0), ImM EDTA, 100mM NaCI CDH^jglC 16 BSPslSg^ Ufc„ YAC 
DNA(0.3Mg/0.3ml)(C 100 /ig CD E.coli tRNA £*D*.T 70'C-Cf 10 5* fM] JP S U T ^ 
10 t&^T 30U <D £ agarase(Sigma)«-iinAT 42*C X* 2h J5/£$t»r-5 d t. 

(Cct *J 7-#P-*£;PHfcU*:. Cft6lC PFGE £]&Sfil/T 7c5hTEL (90kb) 
A201F4.3 (150kb) (DA > K &mm U (0 1 0A) o 

( 9 - 3 ) YAC COSA 

15 ffiJUfc 7c5hTEL A201F4.3 0.3/ig Iffl Superf ect (Qi agen) 

£ 60/x I MUTm^frlzmm 1ST 10 # Pal K S/£!&CD;§i&3: F61 
aflflSlC^iO Lfe. iggjS (10% FBS(Trace Scientific Ltd., Noble Park, Austr 
a I i a) i n D-MEM : Du I bee co ' s Modified Eagle Med i urn < I n v i t rogen Corp., Carlsba 
d, CA, USA)) £ 90#&IC — gS^l/t, 72 I^PhI&J; U 8Aig/ml <DZf?*^'>iS 

20 >(Blasticldln)S JSJiqJgifeXWtttt^aiRttlcSJIU.^KClSltti^KUfc. 

<^j£0>jio> &K«&ttic**t-&ti]iJi&s£¥ftJB*T 

»&*ifcJ£HIE*tt(ca2l-l (7Vl>7*-f K^P-^. SE5UM3<D 

25 DNA Bf>t*^d , *->y — >«l»Ufc«b©) Stf YAC (DffiflHD ~? P - ^ (pYAC5 "C* 
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8kb 03 DNA ®fJn (EJII*§4) £ tf*^ U£ <D) £fflUT FISH 

i-LTC05-*MlCa21-l &tf YAC ©KSflOffi^tf) v^JU^tt^S HTt 

5 (0i ob). mv <D2 n->T(i?t£gfefett±lc«>^:r-;u#*6ti<5av 
io feft±[c#yn-:7j&>e><Av^:^#^£nfc (Si i )<> iSK 3-^p A20 

1F4. 3 Zmmt UTJUT©:^-r ^-T PCR J5f& (96°C30#\ 58°C40 f3>, 72°C10 

i -9->r ^;u£ ufc 25 u->r "to&mMtMtsMz dna £ t*^-^> 

15 -fe>X : aagaccagatagtacagggcctggctac (lE^JS^- 1 0) 

T'y^-kVX : aagattattcaaggttactatgaacacc ( HE^U 1 1 ) 

■\Z>X : tgctaatgcttcatctaga'aacttatatcctttaattc (H£"]§-^ 1 2) 
7>5 L -fe>X : tttccactcgagccaaccaggaattcggcagttac (iEJ'JS^- 1 3) 

20 i£?iJM 7 (D^P-^ffl^^-f T- 

: gtgtaagaaggttctctagaggctctacagatagggag (lEJiJfl^ 1 4) 
7>5=-"fe>*. : aagcagcacttgactcgagtatttttatacatgctctac (lE^JH^ 1 5) 

5IJ ) £ y 3' * •> y =. > m m l, fc t> © £ ^ P - 7 <t L/ T fx F I S H ;£ T li 5 - t£ 
25 #±(C 2 ^SXIi 4 ^0fP/7Oi/m^«l6tlfc mi 2). 
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□ t > * ^ * ^ - ± m m % m ? z a i m & y a c <t & w t i o 8 o m us re $ a -r <s c <t 

5 

<HfiS0iJ 1 1 > 77-</t-FISH S-MC?^ P<ii£(DfS#r 

IxlO'flKDV** A9fflfl*£S=Sfefettfit : &IBl&&jaBJnL(cHU« dftlC 5 
OX PEG(S IGMA) %t 3ml J^JDUT 1 5* FiS *g B U fc. *|t*T 10 m M O £ "7 /<-f >(0uba 
in), 5Mg/ml ©^^S/^XBIasticidin) S £ # J! ig ife "C ig B L , 2 "7 

mztt\sXT )i7 *4 v-zfu-y (@e^ij#^3) si;j3^nt>7p-7 mm 

mns* 1E?1J#^6, ;&tfiE5iJM9 <Difi^) £/UUT FISH fi?#T£f7o£:. ft* 
15 IE51J#-^ 9 ©7n -yii A201F4. 3 &mM£ bTWTOJy^'f T-T* PCR JSfS (9 
6°C30f3>, 58^C40f^\ 72*^10 1 tr<< i'^ilfc 25 tH' & )V) £fHK * © 

m £ ft dna iif ^ £ e * 5=- > mm u t> © -c & -a . 

: gtatacatacatacctgaatatg (IE9J#-^ 1 6) 
T^^-k^X tgtaggctgaagacgttaaaagaaacac (IB^JS^- 1 7) 
20 FISH g?«T©SSJil. 7^77^77-f biS^J<D v^JU^S^IfefeftJ^rolfcfe 
ft±lz|8toe>ftJ3:j&>t> (HI 3 K 5 -Uk^i^.(OT )iy 7 ^ h IE 9>J IC 

«t57 7 A-FISH m^f^Bl^-C^oTc. fCf. 77"fA-FISHPW^^^ 

tztcZs $.-m&w±iz#n zytTJisyt-t v-mn<o^<o^<f-)- ji&^m 

25 
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9 £Pli£(E>#iIIIT- 7c5hTELS^ A201F4. 3 K562 iffljfe (ATCC CCL 
5 -243) |C^AU> P #U tf > it I, HAC £#Wr§iSffiffe (HAC«WK5 

62ifflJia) Ctf) HAC«*| K562 $Bfl&£, HifetflJ 9 T*?# 6 ft*: HAC « W HT10 

T&ODcfc? IC|?*T ft, 7c5hTELfttf A201F4.3fl!>illA»ffc*fT3tt* BP *> H 

AC ^^WU^tN HT1080 $fflflSS^K562 aBfl&^rit^MBi (rj^hP-^) tl/Tffl 

10 Ufco 

S3\ #^BIBa^e>^;£"C RNA£«»tHU, MMLV ©jgiS^llig&tf 01 igo(dT) 15 ^ 
7-f7-^ffll^T cDNA Lfco dCDcfc e> IC UT# cDNA^Si: L 

Tfr<D7^-{ T--fey h (GT^Pt'>0l^V>2Ml^VV3) R 
T-PCR ifflffl^fc. 
15 "te > * ~J ^ -f "7 — : gatgccataaagcacctggatg (K^UH^ 1 8) 

7 y=f--\L "sZK~7 << ~?— : ttgcagaataaagcctatccttga (!E£i]#^ 1 9) 

RT-PCR <D%igk&mi 5©±KIC^-r o ffi, /S-T^Vite^lC^fiftfcJaT 
0)^7^ ^-«:ffll\Tl^^lC RT-PCR ^rfi ^ fc^^flf 1±T^ U£o 
20 -fe > * ^ ^ -f "7 — : tcacccacactgtgcccatctacga (U^ijfl-^ 2 O) 

■j >5=--fe "yZkZf^-l : cagcggaaccgctcattgccaatgg (K5IJS^2 1 ) 

U ~7 4 A PCR ;£ |C J: U JKO G T ^*P t*>S^^©^^M«: 

3£8Lfc„ »J 7;U*W A PCR li ABI PRISM 7700 (ABI J^'f H/WtvXfA 
XtttO TkTt Qiagen QuantiTect SYBR Green PCR k i t (Cat 204143) l^T?T o 
25 fc.*fc»Jt«R(SlC«ffl-r*^5-f7-<S: ^"C»-tlB©#^9-r^-*fflU*:. 
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mi 5 (DTmiC U T;l/^-T A PCR ;ilC«fc<5^^f^m*^-ro ft> HAC#«W©H 
5 Tl080tf>iiM£ 1 £U£<h#©ffittM£UT#1*>:^U[cfc(*SGr^P tf>© 
$E¥S^^b7t. HAC ^gAU/tdiilCcfcU, Gr tf HT1080 £ 

h$ffllfe£ Ufcil^T'li 1. 5 mtte y » K-562 h*fflJ&£: U 

^icfeuttiAsnt hac ^e© Gr tf xomm. mt> hac ic^j#$-nrfc 
io n>*&fc : ?-<Dmm%mm-e% re niz. k-562 *fflt\7tii^icfcuTii@i6T^ 

^ ;g 14 T* 515 it e ^ £ 51 m T # -5 C <h # ^ 5 ft ft . 

<Hffi0IJ 1 3> HAC^^^-5^ ( + ^77^7) ©fEjfc 

MOT 7 (Cj:oT#e>tl^: HAC&W ES fflf&&igmisTmiL2tlfcM1&ft (HAC 
15 ES iSfflflfcl* TT2/GCH2-10) ICRTC* (B*^U7i^^) fr€>J$*RU 

AE*ffi«lC^*Ufc. ^©&. H8*#afclcJ;yMtf£?#£o 24fl#P s ')tf)*'£ 

<«l km* mm. fttm, mm, s^bii^ ^-n-enicou 

ty/ADNA^Iigl/fc, # e>nfc DNA iztt LT FastStart Taq DNA polymerase 
20 (Roche) l\T PCR BAC fc3fc<D DNA Ufc. ffll \ 3^7 I' ^? - £> 

BAC3a ^7 «f V— : catcgtctctctgaaaaatcg (IS^JS^- 2 2) 
CHIPBAC3b ^^-f V — .-aggaaacagcaaaactgtgac (iE9iJS^- 2 3) 
■y-^T £;U:95'C, 4»X1, 95°C. 15fck 55^C, 10 fj> % 72°C, 30^X35, 72°C. 
25 9#X1 
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PCR j£fC £%Mft1£m&m 1 6 (b)(C^fc 15 &<D^OX&MViUrc&g:> 
5 ;^IC, HAC^W ES $fflJjS£m^#aj Ufc** GCH-HAC (O 

&&&mm.?zitt(>iz. #wiMm&&m**:ftmis fish mmn^^ fc« *-r, £ 

& 24 H#F B 1(D*> ^ ^ O * ©§S <fc ft figJU PBS T8fc^fc&lCiffltf-<fcU. 
0.05Xh 'J y->>/1mM EDTA #$TT Ihr, 37°C-C»S Ufc. |> U ^ vVMSIC^fc 

y$BiM-^6^e>n^:8BBa«:ji^5j s ^ticj:y hjiru, ioxfcs dmem igifex* 2 

10 |s|;£r>fc. iSIJfe^Sg 10XFCS DMEM 4* IC ;? & £ t!: , 37^, 5KC0 2 #£T"e*§ 

h ICi5< igK.fcWfj|T TN16 £*D*., ftm. JUJ JC (s) 0 L & (C 

7;U7*-f K 1B5"J «t BAC ^^-lE^j^P-^fCffi^T FISH £frofcl£^* 
j*^V£*ft]3fc (ES HBJfeE&Sfc) <DWm\ZAX3k&te (GCH-HAC) # 5tf3 3 fife (0 
15 1 6(c)). «, HI 6(a)tt. #e>ftfc*;*^ itft'J . 

^ 7 T O Z> d £ *WRT?* -5 . 

<Hfil0lJl4> HAC <D X0 ES IfflSSMO^A. ^ 7 V -5 X <DW iti 

mmm 7 tBftofiTj^ita^acioT hac # es $hbsiz^au 
20 fc. nas^y 7 -eia xy&gj^sx es mffe&m^tzw. ^nmmx'tt. xommo^o 

X ES iSsfflflS TT2-F (ffijRtf ±J: y &#) tt'Jt&Bkd&Jl <T>'& (=» & ttfc 

tni&s FisH»«(c«ufc£c-3,iK-pfr©»j&a*Jiflftay HAc^iturufc 
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5 ^tiAJLZk&itZmmiss Alifefeftlcfcl*3>1'>;*U-*-iE9J<D«jJil£fcIE 

15-1. DNA 3 h7^ h 

(1) t h £ #U \L> LCR 

t h £ hfViie^^^** YAC £ P- XA201F4. 3, Dr. Douglas 

10 Engel, Northwestern Un i v. ct U jflf» & 20836kb (GenBank data base NG000007 

CD 4818 ^6) 25654 £T) £ pTWV229 $ - * /W ©7;l'5 1 

^P-->^gPfi(C^P-XbUfc (TWV-LCR)o 

(2) 7 MIS ft 

pAc-l ox71-bsr-pA ( Dr. Yaraamu ra, Kumamoto Univ. <£(J&%* Kimi Araki, 
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(pEGFP £ HT1080 IC^ A^3 C £ IC «fc o T# 6 *l <5 gffl Jj&**) ihb^Ufc. h'jy 
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-) ICJ: tj^§^g$, AX^fe«s|Cif Alfc EGFP©£*3fcli&fefr±gx-fS#e> 
10 +igmS<D EGFP g3fe£fSLT<^<5C<t:#:fc>^r>Jfc (Hi 9). 

15 

*w $a» ic if z m m jut ic*ij *£-r o 

Ando, S., Yang, H. , Nozaki, N. , Okazaki, T. & Yoda, K. (2002) CENP-A, 
-B, and -C chromatin complex that contains the l-type alpha-satellite ar 
ray constitutes the prekinetochore in HeLa cells. Hoi. Cell. Biol. 22, 2 
20 229-2241. 

Bannister, A. J., Zegerman, P., Partridge, J.F., et al. (2001) Selectiv 
e recognition of methylated lysine 9 on histone H3 by the HP1 chromo dom 
ain. Nature 410, 120-124. 

Ebersole, T.A., Ross, A., Clark, E. , et al. (2000) Mammalian artificia 
25 I chromosome formation from circular alphoid input DNA does not require 



WO 2004/022741 




PCT/JP2003/011134 



64 



telomere repeats. Hum. Mo. Genet. 9, 1623-1631 
Dong, J.Y., Fan, P.D. & Frizzell, R.A. (1996) Quantitative analysis of 
the packaging capacity of recombinant adeno-assoc i ated virus. Hum. Gene 
Ther. 7, 2101-2112. 
Festentein, R. , Tolaini, M. , Corbella, P., et al. (1996) Locus control 
region function and he terochroma t i n- i nduced position effect variegation. 
Science 271, 1123-1125. 
Fisher, K.J., Jooss, K. , Alston, J., Yang, Y. , Haeker, S.E., High, K. , 
Pathak, R., Raper, S.E. & Wilson, J.M. (1997) Recombinant adeno-assoc i a 
ted virus for muscle directed gene therapy. Nature Med. 3, 306-312. 

Fournier, R.E.K. & Ruddle, F.H. (1977) Mi croce I I -med i a t ed transfer of 
murine chromosomes into mouse, Chinese hamster, and human somatic cells. 
Proc. Natl. Acad. Sci. USA 74, 319-323. 
Grimes, B.R., Sch i nde I hauer, D. , McGill, N.I., et al. (2001) Stable ge 
ne expression from a mammalian artificial chromosome. EMBO Rep. 2, 910-9 
14. 

Henning, K.A., Novotny, E.A., Compton, S.T., et al. (1999) Human artif 
icial chromosomes generated by modification of a yeast artificial chromo 
some containing both human alpha satellite and single-copy DNA sequences. 
Proc. Natl. Acad. Sci. USA 96, 592-597. 

Hibiya, M. , Ichinose, H. , Ozaki, N. , et al. (2000) Normal values and a 
ge-dependent changes in GTP eye I ohyd ro I ase I activity in stimulated mono 
nuclear blood cells measured by high-performance liquid chromatography. 
J. Chromatogr B. Biomed. Sci. Appl. 740, 35-42. 

Howman, E.V., Fowler, K.J., Newson, A. J., et al. (2000) Early disrupti 



WO 2004/022741 




PCT/JP2003/011134 



65 



on of centromeric chromatin organization in centromere protein A (Cenpa) 
null mice. Proc. Natl. Acad. Sci. U S A 97, 1148-1153. 
Hubbard, T., Barker, D. , Birney, E. , et al. (2002) The Ensembl genome 
database project. Nucl. Acids Res. 30, 38-41. 
5 Ichinose, H. , Ohye, T., Takahashi, E. , et al. (1994) Hereditary progre 
ssive dystonia with marked diurnal fluctuation caused by mutations in th 
e GTP cyclohydrolase I gene. Nature. Genet. 8, 236-242. 

Ichinose, H. , Ohye, T., Matsuda, Y. , et al. (1995) Characterization of 
mouse and human GTP cyclohydrolase I genes. Mutations in patients with 
10 GTP cyclohydrolase I deficiency. J. Biol. Chem. 270, 10062-10071. 

Ichinose, H. , Suzuki, T. , Inagaki, H. , Ohye, T. & Nagatsu, T. (1999) M 
olecular genetics of dopa-respons i ve dystonia. Biol. Chem. 380, 1355-136 
4. 

I.keno, M. , Masumoto, H. & Okazaki, T. (1994) Distribution of CENP-B bo 
15 xes reflected in CREST centromere antigenic sites on long-range alpha-sa 
tellite DNA arrays of human chromosome 21. Hum. Mo I. Genet. 3, 1 245-1 25 
7. 

Ikeno, M. , Grimes, B. , Okazaki, T. , et al. (1998) Construction of YAC- 
based mammalian artificial chromosomes. Nature Biotechnol. 16, 431-439. 
20 Karpen, G. H. (1994) Position-effect variegation and the new biology of 
heterochromat i n. Curr. Opin .Genet. Dev. 4, 281-291. 

Karpen, G.H. & Allshire, R.C. (1997) The case for epigenetic effects o 
n centromere identity and function. Trends Genet. 13, 489-496. 

Kaufman, S. (1993) New te trahydrob i opter i n-dependent systems. Annu. Re 
25 v. Nutr. 13, 261-286. 



WO 2004/022741 




PCT/JP2003/011134 



66 



Lachner, M. , O'Carroll, D. , Rea, S. , Mechtler, K. & Jenuwein, T. (200 
1) Methylation of histone H3 lysine 9 creates a binding site for HP1 pro 
teins. Nature 410, 116-120. 

Mejia, J.E., Willmott, A., Levy, E. , Earnshaw, W.C. & Larin, Z. (2001) 
5 Functional complementation of a genetic deficiency with human artificia 
I chromosomes. Am. J . Hum. Genet. 69, 315-326. 

Milot, E. , Strouboulis, J., Trimborn, T. , et al. (1996) Heterochromat i 
n effects on the frequency and duration of LCR-med i a ted gene transcripti 
on. Cel I 87, 105-114. 
10 Mineta, T. , Rabkin, S.D., Yazaki, T. , Hunter, W.D., & Martuza, R. L. (1 
995) Attenuated multi-mutated herpes simplex virus-1 for the treatment o 
f malignant gliomas. Nature Med. 1, 938-943. 

Muramatsu, S., Fujimoto, K., Ikeguchi, K. , et al. (2002) Behavioral re 
covery in a primate model of Parkinson's disease by triple transduction 
15 of striatal cells with adeno-assoc i a t ed viral vectors expressing dopamin 
e-synthes i z i ng enzymes. Hum. Gene Ther. 13, 345-354. 

Nichol, C.A., Smith, G.K. & Duch, D.S. (1985) Biosynthesis and metabol 
ism of tetrahydrobiopter in and mo I ybdop ter i n. Annu. Rev. Biochem. 54, 72 
9-764. 

20 Ota, A., Yoshida, S. , Nomura, T. , Matsui, S. , Hagino, Y. , Umezawa, K. , 
Katoh, S. & Nagatsu, T. (1996) Te t r ahyd rob i op t e r i n biosynthesis enhance 
d by I i popo I ysacchar i de stimulation in murine neuroblastoma cell line N1 
E-115. J. Neurochem. 67, 2540-2548. 

Palmer, D.K., O'Day, K. , Trong, H. L. , Charbonneau, H. &Margolis, R.L. 
25 (1991) Purification of the centromere-specific protein CENP-A and demon 



WO 2004/022741 




PCT/JP2003/011134 



67 



stration that it is a distinctive histone. Proc. Natl. Acad. Sci. USA 
88, 3734-3738. 

Pfeifer, A. & Verma, I. II. (2001) Gene therapy: promises and problems. 
Annu. Rev. Genomics Hum. Genet. 2, 177-211 
5 Platero, J. S., Hartnett, T. ftEissenberg, J. C. (1995) Functional ana 
lysis of the chromo domain of HP1. EMBO J. 14, 3977-3986. 

Shen, M.H., Yang, J., Loupart, M.L., Smith, A., Brown, W. (1997) Human 
mini-chromosomes in mouse embryonal stem cells. Hum. Mol. Genet. 6, 137 
5-82. 

10 Tanaka, K., Kaufman, S. fiMilstein, S. (1989) Tet rahyd rob i opter in, the 
cofactor for aromatic amino acid hydroxylases, is synthesized by and re 
gulates proliferation of erythroid cells. Proc. Natl. Acad. Sci. USA 86, 
5864-5867. 

Wade-Martins, R. , White, R.E., Kimura, H. , Cook, P.R. & James M.R. (20 
15 00) Stable correction of a genetic deficiency in human cells by an episo 
me carrying a 115 kb genomic transgene. Nature Biotechnol. 18, 1311-131 
4. 

Werner, E.R., Werner-Fe I mayer ,G., Fuchs ,D., et al. (1990) Tetrahydro 
biopterin biosynthetic activities in human macrophages, fibroblasts, THP 
20 -1, and T 24 cells. GTP-cyc I ohydro I ase I is stimulated by i n ter f eron-gam 
ma, and 6-pyruvoyl tet rahyd ropter i n synthase and sepiapterin reductase a 
re const i tutively present. J. Biol. Chem. 265, 3189-3192. 

Werner, E.R., Werner-Fe Imayer, G. & Wachter, H. (1993) Tetrahydrob i opt 
erin and cytokines. Proc. Soc. Exp. Biol. Med. 203, 1-12. 
25 Yen, T.J., Compton, D.A., Wise, D. , et al. (1991) CENP-E, a novel huma 



WO 2004/022741 




PCT/JP2003/011134 



68 



n centromere-associated protein required for progression from metaphase 
to anaphase. EMBO J. 10, 1245-1254. 

Kimi Araki, Hasatake Araki and Ken-ichi Yamamura. Target integration o 
f DNA using munatn lox sites in embryonic stem cells. Nucleic Acids Rese 
5 arch, 1997, vol.25, No4, 868-872 

*mwizj:tu*. 3Mmfc*izmzT"z<D**<DM'i®m®&<b&ts&±t£ dna 

ummmfc=f-mm<Dm?z j $> ; E:7 : )i>myi&&m u;t t t*mm&=?-<Dm9i. mm (m 
mm. ®mm <owiftts.E\zmtoxmmts.v-)Viit£% 0 

25 <DX'$>Z>o 



WO 2004/022741 



PCT/JP2003/011134 



69 

it # <o m m 

5 i&m&&mf&&miR-tzm 21st. 

m tR $ ti tc m m u & m as © * £ *§ ?l m a x % fe € ft *r -r & ® us £ s tR * z 

*£fcc£*tta£*"S"i?i»iAi*fefe*©ttB3frSfe. 

1 ***-£,*1IIE5iJ*^fr»«AlJfefe#a»&*S» 2 

she *«ns 2iii, 
a«snfc^His»ai6©*^6i«fiaAisftfe#*#*^*»ii&*a»i"*'* 

15 JB3Iit, 

£ # tf d <t * <8 Sft <h -T £ nt 9L a A X %k fe ft (D fls 8 * ;£ . 

3. men i L/. mim 2xaicfeit«jg 

20 3Z.H(±m 2^iclE«gof^iSJ^-;i. 

5' -NTTCGNNNNANNCGGGN-3' : RMM 1 «IL, N (£ A, T, C, & G <D \.\ If 

25 



WO 2004/022741 PCT/JP2003/011134 

70 



5. H5i£Pf?LfS-fe> hP^7ME5iJlit h^feft7^77*T7'(' hHis&fiSfc© 
5 6. H«iani?L?l-b> hP>7lE?"Jfit h 21 11 Sft^ilb^- — 

7. 6uiEo£?l3I-fe> hntTUVKDV-J Xttm 50kb If^oSffll^ 

10 

15 fflKtSJllciEittfM^il^r&o 

1 0. itliSS t h^7y->>=U>^->^PtKP^--fcfl ©mil 

20 11. ffriaig^iEJnJttt h j3^p tr>iSe^S¥^^HS«:P- K-r-5iE5iJTfe-5. 



1 2. AftRBtiMgeSItt* HFfao!)ii5iJ«:1*a»C»A-i-4fc«)©»AfflBl5«^6 

25 



WO 2004/022741 




PCT/JP2003/011134 



i 3. «na»AfflE5«)9« loxPif-f h*u<iiFRT-y--f hxi*cn&i^-rn«»© 



<omit\z : E)i'ttT'ffi io:i ~^ lrio (Di£ac:&&, n^o^a^s 1 
i 6. Buiam 2 *c4r^--;a«-r vau-^-ejii** e> ic^t;. ft3R<z>®agsi 

15 

i 7. ft;£<DiBHSg i n~m 1 6m<D^-rnfriz?tm<Dttm-x : &iz£-2Tmz> 

20 ^iaia«'a©i«i=ttioii&ceasti*fli9LaAx!ftfeft. 

i 8. m&vmmwi i n~ i 6*©i^ftjfcK:ia*i©fM*#asu:J:o*c!»&tu 

25 imoT, «fl.si»iii&+T«S3*u fi±»ifc©*fe<**Mc«i#£*u & 



WO 2004/022741 




PCT/JP2003/011134 



72 



m m # m. <o m i c & m us c e ^ $ n -5 « a a a i » fe # . 
# » us # ^ © rs ic m m ic e m 2 n § m a. a a i & . 

2 0. sirs a toiler lit h^j^-^EUvSv^ntHP^-ifi (7>mit 

10 

21. qf9La«se^. nutans > ho* 7K5\l mnmTn^Tmm. m# 
15 ^^fl&^^^i^ic^iniBaice®$ti^iii?LiiAx^fe^. 

2 1 m(clStS©ni?LilAI^fe(*. 
20 2 3. nma««e£. «?LH-fe> hP>7E?l, &tf flf«©E5U**l»tt 1= 

# «i # m o m tc « m f& ic e it £ n a * ?l m a i % & . 



WO 2004/022741 




PCT/JP2003/011134 



73 



mm<o ^ <&m w \zw a -r s «> <»n a e e$ij £ m u » 
# m ife # s <o & c <ft $a Jfe ^ a s * * at ?l a a x §fe fe & . 

2 5. mliEJf AfflEJU** loxP HSl/< I* FRT 1*-f h3UiCfte> l^f 
E5»J<& — gP^5fe^ [sfc%mT&-oTs ffinlffiW.<DW.m&WAir S^^^^f &E 
?iJ-C&-5. M3fc<Df&ffl!g2 3JSXI*^2 4HlciBt6<Df^^cDiii?LllAXIfefef*o 

2 6. WIBiqt9La-fe>hP^7'BE«H*» ttTOEMtfaaOttHHTMaSfcttESJ 

5'-NTTCGNNNNANNCGGGN-3" : ie^lJS^ 1 ({S L/ . N It A, T, C, Rtf G tf> l\ "Ttl A>T 
3& -5 ) o 

2 7. Menn-b> bn^ziasuii t hifefe&T;i/ 77-0-7^^ h missis 

2 8. BfrfEni?L^-fe> hP^7iE5"Jl± t h 21 Slfefettffi 3fc<£> 11 S<*8£jSb^- 
- y h£#tf. If3fc<DlEffl!fl 2 7 JS(Ci3i5<DHi?l3IAXffefe#o 

29. WE»iigii5UX(imia»AffliB5>j*«i»ffl*-i"*» m-xo&mmi 7H 

~frS2 8iI<DtN-rti^lC|HtS(Diii?LmAX^fei*. 



30. -r >xi/-<?-mm$:t< e>ic^cv i 7 2 9H<zhn 



WO 2004/022741 




PCT/JP2003/011134 



74 



■f ft *MC IE m <D ni 9L I® A I Sk fe ft . 

3 1 . It2£tfmfflffl1 7JS~!g3 0 JSm^ ftaMCf£f5<Di«?l3£Allfefett£ 

5 

3 2. mmolSH^I 7H~ffl 3 0 3SOD^-rft*MCietS©iii?L3SAX^feft«: 
3 3. fi^iSHUS 1 7H~m 3 0 Jl(0^-rft^lC|ESI©Pi?llllAX^feft^ 

3 4. ffl3fc05f£ffl!fl 1 H~SS 1 6 JKDlNrft^MCietSO^it^jilCcfcoTme* 
ft&i«¥L§!AIifefeft3Z.lifli3fc©f5HIII 1 7H~J{I3 0 JSWUrft^lclSiSOPi 

m tz # mi ic m a $ ft ni fi a is ia <d w m * m . 

-5 ^ 3 31 Hi £ % 

ajR*ftfe«l&^&ll9IEi«?LSiAlJftfe#*»«|-r«a4iei:» Stf 
25 tSlSIgi. 



WO 2004/022741 



75 



PCT/JP2003/011134 



t&m 5 igi. 
%>m 3 igi. 



WO 2004/022741 



PCT/JP2003/011134 



76 

^a^^ifflife^ii^-r-sm 2 nut. 
io */N^7»jyi<iiift*aiRt*»5iat» »^ 



3 9. Bt$a>feiB3!3 7^xi*m3 sisicifiSgro^m^jiiCcfctjT^en^^ 

«*-T*»*li**»6*fL«AX»6#*»«r*xai:» 
20 #iil£tt;tmiiani?l3IAI&fei*£*-^y hiiiJte£ UTtf>nf ?L3HSfflJfe ICS A 

41. mi* am hum 7«~*3 oj*©i*mfrice«©*fcWAx»rfef** 

25 »*t*«iM4.1*«iB*l**t4*llS[Wi.tW«**II^ 



WO 2004/022741 




PCT/JP2003/011134 



77 



5 

4 2. ft^OfSafU 4 1 «CIEt!©f^«»aK:J:oT»6ti*«'h«f*d:^- 

io 4 3. mm*-fv ^mi&tuT<Dmm.mmmt.i&nnmm*mvk£.feffli&> 
s.am®&mi&-c$>z* mmommms 4m. fs3 5 a. ms em. t&3 9m. 
us 4 on, a'tfiM 2 m<D^?tifr£um<om®.mmf&<Dwm?ife° 

4 4. giua*-yy h$BiBa<t isT<Dmm.mmf&it. &&nmm. m&&.mmi&. 

-5, I$Oil$3 4 a, i36H, f&4 OH. StffM 

2 H <7> u -T ti friz IE K nf ?L A ffl US O # SI 2r ;* » 

45. muf-vv bmmtvx<om^.mmmt. mm.&(D&mwx&z>. m 
20 mnmrnms 4m. S35is, i36«> S39«, m4om. s^4 2go 
i%-rti*»iciEK©isi?La«iJB©^«^a. 

25 



WO 2004/022741 




PCT/JP2003/011134 



47. mnzmm.miL> tntT&wit* &LT<D&mfi&mto®m-e&&®&vi 

5' -NTTCGNNNNANNCGGGN-3' : SE^Jf?-^ 1 «I N It A, T, C, G <D l\"T tlfrT? 

5 

(Dffi*lJ£#fc* If3fctf>&ffl£4 6JS3U4HS4 7HlCiet&£>'^*-o 
10 4 9. ^IEni?LS-b> hP^7i£5UI4 t h 21 SffefettfS*© 11 Mi*>mmis=L 

so. Bi?ifiAx^fe(*<o^©ic^ffl$n5^^^--ea5oT, 
ioxPtf->r hgi< (iFRT-y-^f hxiicne>i^ft^<£SS9]<p-SB£&^i-'fcB£ 

20 52. i)tE*?iaxiftfe##. 9a©^wc 



5 3. itIAI^fe^iA^nt)5:5. XO g> xJ0i1!fe$*$BIJfe o 

25 



WO 2004/022741 




PCT/JP2003/011134 



54. wMAaAisfefettJ^ m*<D®mm-\ im-mi sstaH^nxMc 

5 5. nfaiIAI§fefe<*##A£ftT£3* 

5 6. fflErtMiAlSfefett*** fS*©S£lSSgl 7H~2S1 9JS©^-rti*lc 
C«<DB||«.SAISfcfe*Tfc<5, i*©Hii5 5«Ccl£KO. 



WO 2004/022741 



1/19 



PCT/JP2003/011134 



Fig.l 



aJABACs 


«2£*l*:BS r fffljfS** 


TJI/^sfr-fKfttfBAC^-J-JU 


GCH1*«^r^HAC 


HAcb sfefe&± temzti-r 


CMV/a100 BAC 
+GCH1-BAC 


16 


1 4 11 


1 (HT/GCH2-10) 


SV/Qf50BAC 
+GCH1-BAC 


17 


3 13 1 


1 (HT/GCH5-18) 



WO 2004/022741 & M PCT/JP2003/011134 

2/19 



Fig.2 





Gemote 

(omol/h/mK £>/^7ft) 

- IFN + IFN 




HT1080 


0.05±0.02 


0.76±0.03 


15 


HT/GCH2-10 


0.16±0.02 


5.0±0.2 


31 


HT/GCH5-18 


3.4±0.2 


16.5±0.6 


4.8 



WO 2004/022741 




PCT/JP2003/011134 



Fig.3 
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Fig.7 
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Fig.9 
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Fig.10 
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Fig.ll 
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Fig. 15 
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Fig. 18 
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Fig.19 
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SEQUENCE LISTING 

<110> JAPAN SCIENCE AND TECHNOLOGY CORPORATION 
OKAZAKI, Tsuneko 
IKENO, Masashi 
ITOU, Toshihide 
SUZUKI, Nobukata 

<120> Mammalian artificial chromosome 

<130> P0203102 

<150> JP P2002-258114 
<151> 2002-0903 

<150> JP P2002-338865 
<151> 2002-11-22 

<160> 23 

< 170> Patentln version 3. 1 

<210> 1 

<211> 17 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> source 

<222> (1)..(17) 

<223> Human chromosome centromere region 



<220> 

<221> misc_feature 

<222> (1)..(1) 

<223> n stands for any base 



<220> 

<221> misc_feature 

<222> (6).. (9) 

<223> n stands for any base 



<220> 

<221> misc_feature 
<222> (11)..(12) 



WO 2004/022741 



2/22 



<223> n stands for any base 



<220> 

<221> misc_feature 

<222> (17)..(17) 

<223> n stands for any base 

<400> 1 

nttcgnnnna nncgggn 

<210> 2 

<211> 17 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> source 

<222> (1)..(17) 

<223> Human chromosome 21 centromere region 



<220> 

<221> misc_feature 

<222> (1)..(1) 

<223> n stands for any base 

<400> 2 

nttcgttgga aacggga 

<210> 3 

<211> 1868 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> source 

<222> (1)..(1868) 

<223> Human chromosome 21 centromere region 

<400> 3 

aattcaaata aaaggtagac agcagcattc tcagaaattt ctttctgatg tctgcattca 
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actcatagag ttgaagattg cctttcatag agcaggtttg aaacactctt tctggagtat 120 

ctggatgtgg acatttggag cgctttgatg cctacggtgg aaaagtaaat atcttccata 180 
aaaacgagac agaaggattc tcagaaacaa gtttgtgatg tgtgtactca gctaacagag 240 

tggaaccttt ctttttacag agcagctttg aaactctatt tttgtggatt ctgcaaattg 300 

atatttagat tgctttaacg atatcgttgg aaaagggaat atcgtcatac aaaatctaga 360 

cagaagcatt ctcacaaact tctttgtgat gtgtgtcctc aactaacaga gttgaacctt 420 

tcttttgatg cagcagtttg gaaacactct ttttgtagaa actgtaagtg gatatttgga 480 

tagctctaac gatttcgttg gaaacgggaa tatcatcatc taaaatctag acagaagcac 540 

tattagaaac tacttggtga tatctgcatt caagtcacag agttgaacat tcccttactt 600 

tgagcacgtt tgaaacactc ttttggaaga atctggaagt ggacatttgg agcgctttga 660 
ctgcctttgt tgaaaaggaa acgtcttcca ataaaagcca gacagaagca ttctcagaaa 720 

cttgttcgtg atgtgtgtac tcaactaaaa gagttgaacc tttctattga tagagcagtt 780 

ttgaaacact ctttttgtgg attctgcaag tggatatttg gattgctttg aggatttcgt 840 

tggaagcggg aattcgtata aaaactagac agcagcattc ccagaaattt ctttcggata 900 

tttccattca actcatagag atgaacatgg cctttcatag agcaggtttg aaacactctt 960 

tttgtagttt gtggaagtgg acatttcgat cgccttgacg cctacggtga aaaaggaaat 1020 

atcttcccat aaaaatagac agaagcattc tcagaaactt gttggtgata tgtgtctcaa 1080 

ctaacagagt tgaactttgc cattgataga gagcagtttt gaaacactct ttttgtggaa 1140 

tctgcaagtg gatatttgga tagcttggag gatttcgttg gaagcgggaa ttcaaataaa 1200 

aggtagacag cagcattctc agaaatttct ttctgatgac tgcattcaac tcatagagtt 1260 

gaacattccc tttcatagag caggtttgaa acactctttc tggagtatct ggatgtggac 1320 

atttggagcg ctttgatgcc tatggtgaaa aagtaaatat cttcccataa aaacgagaca 1380 

gaaggattct gagaaacaag tttgtgatgt gtgtactcag ctaacagagt ggaacctctc 1440 

ttttgatgca gcagtttgga aacactcttt ttgtagaaac tgtaagtgga tatttggata 1500 
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gctctaatga tttcgttgga aacgggaata tcatcatcta aaatctagac agaagccctc 1560 

tcagaaacta ctttgtgata tctgcattca agtcacagag ttgaacattc gctttcttag 1620 

agcacgttgg aaacactctt tttgtagtgt ctggaagtgg acatttggag cgctttgatg 1680 
cctttggtga aaaagggaat gtcttcccat aaaaactaga cagaagcatt ctcagaaact 1740 

tgtttttgat gtgtgtaccc agccaaagga gttgaacatt tctattgata gagcagtttt 1800 

gaaacactct ttttgtggaa aatgcaggtg gatatttgga tagcttggag gatttcgttg 1860 

gaagcggg 1868 

<210> 4 
<211> 8286 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Trobe for an arm region of YAC 
<400> 4 

ttctcatgtt tgacagctta tcatcgataa gctttaatgc ggtagtttat cacagttaaa 60 

ttgctaacgc agtcaggcac cgtgtatgaa atctaacaat gcgctcatcg tcatcctcgg 120 

caccgtcacc ctggatgctg taggcatagg cttggttatg ccggtactgc cgggcctctt 180 

gcgggatatc gtccattccg acagcatcgc cagtcactat ggcgtgctgc tagcgctata 240 

tgcgttgatg caatttctat gcgcacccgt tctcggagca ctgtccgacc gctttggccg 300 

ccgcccagtc ctgctcgctt cgctacttgg agccactatc gactacgcga tcatggcgac 360 

cacacccgtc ctgtggatca attcccttta gtataaattt cactctgaac catcttggaa 420 

ggaccggtaa ttatttcaaa tctctttttc aattgtatat gtgttatgtt atgtagtata 480 

ctctttcttc aacaattaaa tactctcggt agccaagttg gtttaaggcg caagacttta 540 

atttatcact acggaattcc gtaatcttga gatcgggcgt tcgatcgccc cgggagattt 600 
ttttgttttt tatgtcttcc attcacttcc cagacttgca agttgaaata tttctttcaa 660 

gggaattgat cctctacgcc ggacgcatcg tggccggcat caccggcgcc acaggtgcgg 720 
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ttgctggcgc ctatatcgcc gacatcaccg atggggaaga tcgggctcgc cacttcgggc 780 
tcatgagcgc ttgtttcggc g^gggtatgg tggcaggccc cgtggccggg ggactgttgg 840 
gcgccatctc cttgcatgca ccattccttg cggcggcggt gctcaacggc ctcaacctac 900 
tactgggctg cttcctaatg caggagtcgc ataagggaga gcgtcgaccg atgcccttga 960 
gagccttcaa cccagtcagc tccttccggt gggcgcgggg catgactatc gtcgccgcac 1020 
ttatgactgt cttctttatc atgcaactcg taggacaggt gccggcagcg ctctgggtca 1080 
ttttcggcga ggaccgcttt cgctggagcg cgacgatgat cggcctgtcg cttgcggtat 1140 
tcggaatctt gcacgccctc gctcaagcct tcgtcactgg tcccgccacc aaacgtttcg 1200 
gcgagaagca ggccattatc gccggcatgg cggccgacgc gctgggctac gtcttgctgg 1260 
cgttcgcgac gcgaggctgg atggccttcc ccattatgat tcttctcgct tccggcggca 1320 
tcgggatgcc cgcgttgcag gccatgctgt ccaggcaggt agatgacgac catcagggac 1380 
agcttcaagg atcgctcgcg gctcttacca gcctaacttc gatcactgga ccgctgatcg 1440 
tcacggcgat ttatgccgcc tcggcgagca catggaacgg gttggcatgg attgtaggcg 1500 
ccgccctata ccttgtctgc ctccccgcgt tgcgtcgcgg tgcatggagc cgggccacct 1560 
cgacctgaat ggaagccggc ggcacctcgc taacggattc accactccaa gaattggagc 1620 
caatcaattc ttgcggagaa ctgtgaatgc gcaaaccaac ccttggcaga acatatccat 1680 
cgcgtccgcc atctccagca gccgcacgcg gcgcatcccc cccccccttt caattcaatt 1740 
catcattttt tttttattct tttttttgat ttcggtttct ttgaaatttt tttgattcgg 1800 
taatctccga acagaaggaa gaacgaagga aggagcacag acttagattg gtatatatac 1860 
gcatatgtag tgttgaagaa acatgaaatt gcccagtatt cttaacccaa ctgcacagaa 1920 
caaaaacctg caggaaacga agataaatca tgtcgaaagc tacatataag gaacgtgctg 1980 
ctactcatcc tagtcctgtt gctgccaagc tatttaatat catgcacgaa aagcaaacaa 2040 
acttgtgtgc ttcattggat gttcgtacca ccaaggaatt actggagtta gttgaagcat 2100 
taggtcccaa aatttgttta ctaaaaacac atgtggatat cttgactgat ttttccatgg 2160 
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agggcacagt taagccgcta aaggcattat ccgccaagta caatttttta ctcttcgaag 2220 
acagaaaatt tgctgacatt ggtaatacag tcaaattgca gtactctgcg ggtgtataca 2280 
gaatagcaga atgggcagac attacgaatg cacacggtgt ggtgggccca ggtattgtta 2340 
gcggtttgaa gcaggcggca gaagaagtaa caaaggaacc tagaggcctt ttgatgttag 2400 
cagaattgtc atgcaagggc tccctatcta ctggagaata tactaagggt actgttgaca 2460 
ttgcgaagag cgacaaagat tttgttatcg gctttattgc tcaaagagac atgggtggaa 2520 
gagatgaagg ttacgattgg ttgattatga cacccggtgt gggtttagat gacaagggag 2580 
acgcattggg tcaacagtat agaaccgtgg atgatgtggt ctctacagga tctgacatta 2640 
ttattgttgg aagaggacta tttgcaaagg gaagggatgc taaggtagag ggtgaacgtt 2700 
acagaaaagc aggctgggaa gcatatttga gaagatgcgg ccagcaaaac taaaaaactg 2760 
tattataagt aaatgcatgt atactaaact cacaaattag agcttcaatt taattatatc 2820 
agttattact cgggcgtaat gatttttata atgacgaaaa aaaaaaaatt ggaaagaaaa 2880 
gggggggggg gcagcgttgg gtcctggcca cgggtgcgca tgatcgtgct cctgtcgttg 2940 
aggacccggc taggctggcg gggttgcctt actggttagc agaatgaatc accgatacgc 3000 
gagcgaacgt gaagcgactg ctgctgcaaa acgtctgcga cctgagcaac aacatgaatg 3060 
gtcttcggtt tccgtgtttc gtaaagtctg gaaacgcgga agtcagcgcc ctgcaccatt 3120 
atgttccgga tctgcatcgc aggatgctgc tggctaccct gtggaacacc tacatctgta 3180 
ttaacgaagc gctggcattg accctgagtg atttttctct ggtcccgccg catccatacc 3240 
gccagttgtt taccctcaca acgttccagt aaccgggcat gttcatcatc agtaacccgt 3300 
atcgtgagca tcctctctcg tttcatcggt atcattaccc ccatgaacag aaattccccc 3360 
ttacacggag gcatcaagtg accaaacagg aaaaaaccgc ccttaacatg gcccgcttta 3420 
tcagaagcca gacattaacg cttctggaga aactcaacga gctggacgcg gatgaacagg 3480 
cagacatctg tgaatcgctt cacgaccacg ctgatgagct ttaccgcagc caagcttatc 3540 
cctcgagggc tgcctcgcgc gtttcggtga tgacggtgaa aacctctgac acatgcagct 3600 
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cccggagacg gtcacagctt gtctgtaagc ggatgccggg agcagacaag cccgtcaggg 3660 
cgcgtcagcg ggtgttggcg ggtgtcgggg cgcagccatg acccagtcac gtagcgatag 3720 
cggagtgtat actggcttaa ctatgcggca tcagagcaga ttgtactgag agtgcaccat 3780 
atgcggtgtg aaataccgca cagatgcgta aggagaaaat accgcatcag gcgctcttcc 3840 
gcttcctcgc tcactgactc gctgcgctcg gtcgttcggc tgcggcgagc ggtatcagct 3900 
cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatg 3960 
tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttgct ggcgtttttc 4020 
cataggctcc gcccccctga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga 4080 
aacccgacag gactataaag ataccaggcg tttccccctg gaagctccct cgtgcgctct 4140 
cctgttccga ccctgccgct taccggatac ctgtccgcct ttctcccttc gggaagcgtg 4200 
gcgctttctc atagctcacg ctgtaggtat ctcagttcgg tgtaggtcgt tcgctccaag 4260 
ctgggctgtg tgcacgaacc ccccgttcag cccgaccgct gcgccttatc cggtaactat 4320 
cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagc cactggtaac 4380 
aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac 4440 
tacggctaca ctagaaggac agtatttggt atctgcgctc tgctgaagcc agttaccttc 4500 
ggaaaaagag ttggtagctc ttgatccggc aaacaaacca ccgctggtag cggtggtttt 4560 
tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc 4620 
ttttctacgg ggtctgacgc tcagtggaac gaaaactcac gttaagggat tttggtcatg 4680 
agattatcaa aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca 4740 
atctaaagta tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggca 4800 
cctatctcag cgatctgtct atttcgttca tccatagttg cctgactccc cgtcgtgtag 4860 
ataactacga tacgggaggg cttaccatct ggccccagtg ctgcaatgat accgcgagac 4920 
ccacgctcac cggctccaga tttatcagca ataaaccagc cagccggaag ggccgagcgc 4980 
agaagtggtc ctgcaacttt atccgcctcc atccagtcta ttaattgttg ccgggaagct 5040 
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agagtaagta gttcgccagt taatagtttg cgcaacgttg ttgccattgc tgcaggcatc 5100 
gtggtgtcac gctcgtcgtt tggtatggct tcattcagct ccggttccca acgatcaagg 5160 
cgagttacat gatcccccat gttgtgcaaa aaagcggtta gctccttcgg tcctccgatc 5220 
gttgtcagaa gtaagttggc cgcagtgtta tcactcatgg ttatggcagc actgcataat 5280 
tctcttactg tcatgccatc cgtaagatgc ttttctgtga ctggtgagta ctcaaccaag 5340 
tcattctgag aatagtgtat gcggcgaccg agttgctctt gcccggcgtc aacacgggat 5400 
aataccgcgc cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttcgggg 5460 
cgaaaactct caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgca 5520 
cccaactgat cttcagcatc ttttactttc accagcgttt ctgggtgagc aaaaacagga 5580 
aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatactc 5640 
ttcctttttc aatattattg aagcatttat cagggttatt gtctcatgag cggatacata 5700 
tttgaatgta tttagaaaaa taaacaaata ggggttccgc gcacatttcc ccgaaaagtg 5760 
ccacctgacg tctaagaaac cattattatc atgacattaa cctataaaaa taggcgtatc 5820 
acgaggccct ttcgtcttca agaattaatt cggtcgaaaa aagaaaagga gagggccaag 5880 
agggagggca ttggtgacta ttgagcacgt gagtatacgt gattaagcac acaaaggcag 5940 
cttggagtat gtctgttatt aatttcacag gtagttctgg tccattggtg aaagtttgcg 6000 
gcttgcagag cacagaggcc gcagaatgtg ctctagattc cgatgctgac ttgctgggta 6060 
ttatatgtgt gcccaataga aagagaacaa ttgacccggt tattgcaagg aaaatttcaa 6120 
gtcttgtaaa agcatataaa aatagttcag gcactccgaa atacttggtt ggcgtgtttc 6180 
gtaatcaacc taaggaggat gttttggctc tggtcaatga ttacggcatt gatatcgtcc 6240 
aactgcatgg agatgagtcg tggcaagaat accaagagtt cctcggtttg ccagttatta 6300 
aaagactcgt atttccaaaa gactgcaaca tactactcag tgcagcttca cagaaacctc 6360 
attcgtttat tcccttgttt gattcagaag caggtgggac aggtgaactt ttggattgga 6420 
actcgatttc tgactgggtt ggaaggcaag agagccccga aagcttacat tttatgttag 6480 
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ctggtggact gacgccagaa aatgttggtg atgcgcttag attaaatggc gttattggtg 6540 
ttgatgtaag cggaggtgtg gagacaaatg gtgtaaaaga ctctaacaaa atagcaaatt 6600 
tcgtcaaaaa tgctaagaaa taggttatta ctgagtagta tttatttaag tattgtttgt 6660 
gcacttgcct gcaggccttt tgaaaagcaa gcataaaaga tctaaacata aaatctgtaa 6720 
aataacaaga tgtaaagata atgctaaatc atttggcttt ttgattgatt gtacaggaaa 6780 
atatacatcg cagggggttg acttttacca tttcaccgca atggaatcaa acttgttgaa 6840 
gagaatgttc acaggcgcat acgctacaat gacccgattc ttgctagcct tttctcggtc 6900 
ttgcaaacaa ccgccggcag cttagtatat aaatacacat gtacatacct ctctccgtat 6960 
cctcgtaatc attttcttgt atttatcgtc ttttcgctgt aaaaacttta tcacacttat 7020 
ctcaaataca cttattaacc gcttttacta ttatcttcta cgctgacagt aatatcaaac 7080 
agtgacacat attaaacaca gtggtttctt tgcataaaca ccatcagcct caagtcgtca 7140 
agtaaagatt tcgtgttcat gcagatagat aacaatctat atgttgataa ttagcgttgc 7200 
ctcatcaatg cgagatccgt ttaaccggac cctagtgcac ttaccccacg ttcggtccac 7260 
tgtgtgccga acatgctcct tcactatttt aacatgtgga attaattcta aatcctcttt 7320 
atatgatctg ccgatagata gttctaagtc attgaggttc atcaacaatt ggattttctg 7380 
tttactcgac ttcaggtaaa tgaaatgaga tgatacttgc ttatctcata gttaactcta 7440 
agaggtgata cttatttact gtaaaactgt gacgataaaa ccggaaggaa gaataagaaa 7500 
actcgaactg atctataatg cctattttct gtaaagagtt taagctatga aagcctcggc 7560 
attttggccg ctcctaggta gtgctttttt tccaaggaca aaacagtttc tttttcttga 7620 
gcaggtttta tgtttcggta atcataaaca ataaataaat tatttcattt atgtttaaaa 7680 
ataaaaaata aaaaagtatt ttaaattttt aaaaaagttg attataagca tgtgaccttt 7740 
tgcaagcaat taaattttgc aatttgtgat tttaggcaaa agttacaatt tctggctcgt 7800 
gtaatatatg tatgctaaag tgaactttta caaagtcgat atggacttag tcaaaagaaa 7860 
ttttcttaaa aatatatagc actagccaat ttagcacttc tttatgagat atattataga 7920 
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ctttattaag ccagatttgt gtattatatg tatttacccg gcgaatcatg gacatacatt 7980 
ctgaaatagg taatattctc tatggtgaga cagcatagat aacctaggat acaagttaaa 8040 
agctagtact gttttgcagt aatttttttc ttttttataa gaatgttacc acctaaataa 8100 
gttataaagt caatagttaa gtttgatatt tgattgtaaa ataccgtaat atatttgcat 8160 
gatcaaaagg ctcaatgttg actagccagc atgtcaacca ctatattgat caccgatata 8220 
tggacttcca caccaactag taatatgaca ataaattcaa gatattcttc atgagaatgg 8280 
cccaga 8286 

<210> 5 

<211> 3631 

<212> DNA 

<2 1 3> Homo sapiens 

<400> 5 

aagaccagat agtacagggc ctggctacaa aaatacaagc ttttactatg ctattgcaat 60 
actaaacgat aagcattagg atgttaagtg actcaggaaa taagattttg ggaaaaagta 120 
atctgcttat gtgcacaaaa tggattcaag tttgcagata aaataaaata tggatgatga 180 
ttcaagggga cagatacaat ggttcaaacc caagaggagc agtgagtctg tggaattttg 240 
aaggatggac aaaggtgggg tgagaaagac atagtattcg acctgactgt gggagatgag 300 
aaggaagaag gaggtgataa atgactgaaa gctcccagac tggtgaagat aacaggagga 360 
aaccatgcac ttgaccctgg tgactctcat gtgtgaaggg tagagggata ttaacagatt 420 
tactttttag gaagtgctag attggtcagg gagttttgac cttcaggtct tgtgtctttc 480 
atatcaagga acctttgcat tttccaagtt agagtgccat attttggcaa atataacttt 540 
attagtaatt ttatagtgct ctcacattga tcagactttt tcctgtgaat tacttttgaa 600 
tttggctgta tatatccaga atatgggaga gagacaaata attattgtag ttgcaggcta 660 
tcaacaatac tggtctctct gagccttata acctttcaat atgccccata aacagagtaa 720 
acagggatta ttcatggcac taaatatttt cacctaggtc agtcaacaaa tggaggcaat 780 
gtgcattttt tgatacatat ttttatatat ttatggggca tgtgatactt acatgcctag 840 
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aacatgtgac tgattaagtc tagatattta ggatatccat tactttgagc atttatcatt 900 
tctatgtatt gagaaaattt caaatcctca tttctgacca ttttgaaata tataataaat 960 
agtaattaac tatagtcacc ctactcaaat atcaacatta taaactaact aatccttctt 1020 
tccacttttt taccaaccaa catctcttaa atcccctgcc atacacatca cacatttttc 1080 
agctctgata actatcattc tactctcata ccaccatgag accacttttt tagctccaca 1140 
gatgaataaa aacatgtgat atttgacttt ctgtatctgg cttattttat tatctatctc 1200 
tttggcatac caagagtttg tttttgttct gcttcagggc tttcaattaa cataatgacc 1260 
tctggttcca tccatgttgc tacaaatgac aagatttcat tctttttcat ggcaaaatag 1320 
tactgtgcaa aaaatacaat tttttaatcc gttcatctgt tgatagacac ttaggttgat 1380 
cccaaacctt aactattgtg aataggtgct tcaataaaca tgagtgtaat gtgtccattg 1440 
gatatactga tttcctttct tttggataaa taaccactag tgagattgct ggattgtatg 1500 
atagttctgt ttttagttta ttgagaaatc ttcatactgt tttccataat ggttgtacta 1560 
ttttacattc ccaccaacag tgtgtaagaa agagttccct tttctccata tcctcacaag 1620 
gatctgttat tttttgtctt ttttgttaat agcattttaa ctagagtaag tagatatctc 1680 
attgtagttt tgatttgcat ttccctgatc attagtgatg ttgagatttt ttcatatgtt 1740 
tgttggtcat ttgtatatct ttttctgaga ttgtctgttc atgtccttat cctactttta 1800 
ttgggattgt tgttattttc ttgataatca ttgtgtcatt ttagagcctg gatattattc 1860 
ttttgtcaga tgtatagatt gtgaagattt tctcctctgt gggttgtctg tttattctgc 1920 
agactcttcc ttttgccatg caaaagctct ttagtttaat ttagtcccag atattttctt 1980 
tgtttttatg tgtttgcatt tgtgttcttg tcatgaaatc ctttcctaag ccaatgtgta 2040 
gaagggtttt tccgatgtta ttttctagaa ttgttacagt ttcaggctta gatttaagtc 2100 
cttgatccat cttaagttga tttttgtata aggtgagaga tgaagatcca gtttcattct 2160 
cctacatgta gcttgccagc tatcccgact catttgttga atagggtgcc ctttcccatt 2220 
tatgtttttg tttgctttgt caaagatcag ttcggatgta agtatttgag tttatttctg 2280 
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ggttctctat tctgttccat tggtccgatg tgcctatttg tacaccagca tcatgctgtg 2340 
tttttggtga ctatggcctt attgtatagt ttgaaatgag gtaatgtaat gccattcaga 2400 
tttgttcttt tttttagact tgcttgttta ttgggctctt ttttggttcc ataagaattt 2460 
taggattgtt ttttctagtt ctgtgaaggc taatggtggt atttatggga attgcaatgc 2520 
aatttgtagg ttgcttctgg cattatggcc attttcacaa tattgattct acccatctat 2580 
gagaatggca tgtgtttcca tttgtttgtg tcttatatga ttactatcag ccgtgttttg 2640 
tagttttcct tgtagatgtc tttcacctcc ttggttaggt atatattcct aagtttttgt 2700 
tttgttttgt tttgtttttt gcagctattg taaaaggggt tgagttattg attttattct 2760 
catcttggtc attgctggta tgtaagaaag caactcattg gtgtacgtta attttgtatc 2820 
cagaaacttt gctgaattat tttatcagtt ctagggggtt ttggaggagt ctttagagtt 2880 
ttctacatac acaatcatat catcagcaaa cagtgacagt ttgactttct ctttaacaat 2940 
ttggatgtgc tttacttgtt tctcttgtct gattgctctt gctaggactt ccagtaatat 3000 
gttaaagaga agtggtgaga gtgggtatcc ttgtctcatt ccagttttca gacagaatgc 3060 
ttttaacttt ttcccattca atataatgtt ggctgtgtgt ttaccatagc tggcttttat 3120 
tacattgagg tatgtccttt gtaaaccgat tttgctgagt tttagtcata aagtgatgtt 3180 
gaattttgtt gaatgcagtt tctgtggcta ttgagataat cacatgattt ttgtttccaa 3240 
ttctctttat gttgtgtatc acacttattg acttgcgtat gttaaaccat ccgtgcatcc 3300 
ctcgcatgaa accacttgat catgggtttt gatatgccgt gtgggatgct attagctata 3360 
ttttgtcaag gatgttggca tctatgttca tcagggatat tgatctgtag tgtttttttt 3420 
ttttggttat gttctttccc agttttggta ttaaggtgat actggcttca tagaatgatt 3480 
tagggaggat tctctctttc tctatcttgt agaatactgt caataggatt ggtatcaatt 3540 
cttctttgaa tgtctggtag aattcgaacg tctcctttag gttttctagt ttattcatgt 3600 
aaaggtgttc atagtaacct tgaataatct t 3631 
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<210> 6 

<211> 3386 

<212> DNA 

<213> Homo sapiens 

<400> 6 

tgctaatgct tcattacaaa cttatatcct ttaattccag atgggggcaa agtatgtcca 60 
ggggtgagga acaattgaaa catttgggct ggagtagatt ttgaaagtca gctctgtgtg 120 
tgtgtgtgtg tgtgtgtgtg tcagcgtgtg tttcttttaa cgtcttcagc ctacaacata 180 
cagggttcat ggtgggaaga agatagcaag atttaaatta tggccagtga ctagtgcttg 240 
aaggggaaca actacctgca tttaatggga aggcaaaatc tcaggctttg agggaagtta 300 
acataggctt gattctgggt ggaagctggg tgtgtagtta tctggaggcc aggctggagc 360 
tctcagctca ctatgggttc atctttattg tctcctttca tctcaacagc tcctgggaaa 420 
tgtgctggtg accgttttgg caatccattt cggcaaagaa ttcacccctg aggtgcaggc 480 
ttcctggcag aagatggtga ctgcagtggc cagtgccctg tcctccagat accactgagc 540 
ctcttgccca tgattcagag ctttcaagga taggctttat tctgcaagca atacaaataa 600 
taaatctatt ctgctgagag atcacacatg attttcttca gctctttttt ttacatcttt 660 
ttaaatatat gagccacaaa gggtttatat tgagggaagt gtgtatgtgt atttctgcat 720 
gcctgtttgt gtttgtggtg tgtgcatgct cctcatttat ttttatatga gatgtgcatt 780 
ttgatgagca aataaaagca gtaaagacac ttgtacacgg gagttctgca agtgggagta 840 
aatggtgttg gagaaatccg gtgggaagaa agacctctat aggacaggac ttctcagaaa 900 
cagatgtttt ggaagagatg ggaaaaggtt cagtgaagac ctgggggctg gattgattgc 960 
agctgagtag caaggatggt tcttaatgaa gggaaagtgt tccaagcttt aggaattcaa 1020 
ggtttagtca ggtgtagcaa ttctatttta ttaggaggaa tactatttct aatggcactt 1080 
agcttttcac agcccttgtg gatgcctaag aaagtgaaat taatcccatg ccctcaagtg 1140 
tgcagattgg tcacagcatt tcaagggaga gacctcattg taagactctg ggggaggtgg 1200 
ggacttaggt gtaagaaatg aatcagcaga ggctcacaag tcagcatgag catgttatgt 1260 
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ctgagaaaca gaccagcact gtgagatcaa aatgtagtgg gaagaatttg tacaacatta 1320 
attggaaggt ttacttaatg gaatttttgt atagttggat gttagtgcat ctctataagt 1380 
aagagtttaa tatgatggtg ttacggacct ggtgtttgtg tctcctcaaa attcacatgc 1440 
tgaatcccca actcccaact gaccttatct gtgggggagg cttttgaaaa gtaattaggt 1500 
ttagctgagc tcataagagc agatccccat cataaaatta ttttccttat cagaagcaga 1560 
gagacaagcc atttctcttt cctcccggtg aggacacagt gagaagtccg ccatctgcaa 1620 
tccaggaaga gaaccctgac cacgagtcag ccttcagaaa tgtgagaaaa aactctgttg 1680 
ttgaagccac ccagtctttt gtattttgtt atagcacctt acactgagta aggcagatga 1740 
agaaggagaa aaaaataagc ttgggttttg agtgaactac agaccatgtt atctcaggtt 1800 
tgcaaagctc ccctcgtccc ctatgtttca gcataaaata cctactctac tactctcatc 1860 
tataagaccc aaataataag cctgcgccct tctctctaac tttgatttct cctattttta 1920 
cttcaacatg ctttactcta gccttgtaat gtctttacat acagtgaaat gtaaagttct 1980 
ttattctttt tttctttctt tcttttttct cctcagcctc agaatttggc acatgccctt 2040 
ccttctttca ggaacttctc caacatctct gcctggctcc atcatatcat aaaggtccca 2100 
cttcaaatgc agtcactacc gtttcaggat atgcactttc tttctttttt gttttttgtt 2160 
ttttttaagt caaagcaaat ttcttgagag agtaaagaaa taaacgaatg actactgcat 2220 
aggcagagca gccccgaggg ccgctggttg ttccttttat ggttatttct tgatgatatg 2280 
ttaaacaagt tttggattat ttatgccttc tctttttagg ccatataggg taactttctg 2340 
acattgccat ggcatgtttc ttttaattta atttactgtt accttaaatt caggggtaca 2400 
cgtacaggat atgcaggttt gttttatagg taaaagtgtg ccatggtttt aatgggtttt 2460 
ttttttcttg taaagttgtt taagtttctt gtttactctg gatattggcc tttgtcagaa 2520 
gaatagattg gaaaatcttt ttcccattct gtagattgtc tttcgctctg atggtagttt 2580 
cttttgctga gcaggagctc tttagtttaa ttagattcca ttggtcaatt tttgcttttg 2640 
ctgcaattgc ttttcacgct ttcatcatga aatctgtgcc cgtgtttata tcatgaatag 2700 
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tattgecttg atttttttct aggcttttta tagtttgggg tttttcattt aagtctctaa 2760 
tccatccgga gttaattttg gataaggtat aaggaaggag tccagtttca tttttcagca 2820 
tatggctagc cagttctccc ccatcattta ttaaattgaa aatcctttcc ccattgcttg 2880 
cttttgtcag gtttctaaaa gacagatggt tgtaggtaca atatgcagtt tcttcaagtc 2940 - 
atataatacc atctgaaatc tcttattaat tcatttcttt tagtatgtat gctggtctcc 3000 
tctgctcact atagtgaggg caccattagc cagagaatct gtctgtctag ttcatgtaag 3060 
attctcagaa ttaagaaaaa tggatggcat atgaatgaaa cttcatggat gacatatgga 3120 
atctaatgtg tatttgttga attaatgcat aagatgcaac aagggaaagg ttgacaactg 3180 
cagtgataac ctggtattga tgatataaga gtctatagat cacagtagaa gcaataatca 3240 
tggaaaacaa ttggaaatgg ggaacagcca caaacaagaa agaatcaata ctaccaggaa 3300 
agtgactgca ggtcactttt cctggagcgg gtgagagaaa agtggaagtt gcagtaactg 3360 
ccgaattcct ggttggctga tggaaa 3386 

<210> 7 

<211> 2838 

<212> DNA 

<213> Homo sapiens 

<400> 7 

gtgtaagaag gttcctgagg ctctacagat agggagcact tgtttatttt acaaagagta 60 
catgggaaaa gagaaaagca agggaaccgt acaaggcatt aatgggtgac acttctacct 120 
ccaaagagca gaaattatca agaactcttg atacaaagat aatactggca ctgcagaggt 180 
tctagggaag acctcaaccc taagacatag cctcaagggt aatagctacg attaaactcc 240 
aacaattact gagaaaataa tgtgctcaat taaaggcata atgattactc aagacaatgt 300 
tatgttgtct ttcttcctcc ttcctttgcc tgcacattgt agcccataat actatacccc 360 
atcaagtgtt cctgctccaa gaaatagctt cctcctctta cttgccccag aacatctctg 420 
taaagaattt cctcttatct tcccatattt cagtcaagat tcattgctca cgtattactt 480 
gtgacctctc ttgaccccag ccacaataaa cttctctata ctacccaaaa aatctttcca 540 
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aaccctcccc gacaccatat ttttatattt ttcttattta tttcatgcac acacacacac 600 
tccgtgcttt ataagcaatt ctgcctattc tctaccttct tacaatgcct actgtgcctc 660 
atattaaatt catcaatggg cagaaagaaa atatttattc aagaaaacag tgaatgaatg 720 
aacgaatgag taaatgagta aatgaaggaa tgattattcc ttgctttaga acttctggaa 780 
ttagaggaca atattaataa taccatcgca cagtgtttct ttgttgttaa tgctacaaca 840 
tacaaagagg aagcatgcag taaacaaccg aacagttatt tcctttctga tcataggagt 900 
aatatttttt tccttgagca catttttgcc ataggtaaaa ttagaaggat ttttagaact 960 
ttctcagttg tatacatttt taaaaatctg tattatatgc atgttgatta attttaaact 1020 
tacttgaata cctaaacaga atctgttgtt tccttgtgtt tgaaagtgct ttcacagtaa 1080 
ctctgtctgt actgccagaa tatactgaca atgtgttata gttaactgtt ttgatcacaa 1140 
cattttgaat tgactggcag cagaagctct ttttatatcc atgtgttttc cttaagtcat 1200 
tatacatagt aggcatgaga ctctttatac tgaataagat atttaggaac cactggttta 1260 
catatcagaa gcagagctac tcagggcatt ttggggaaga tcactttcac attcctgagc 1320 
atagggaagt tctcataaga gtaagatatt aaaaggagat acttgtgtgg tattcgaaag 1380 
acagtaagag agattgtaga ccttatgatc ttgataggga aaacaaacta cattcctttc 1440 
tccaaaagtc aaaaaaaaag agcaaatata gcttactata ccttctattc ctacaccatt 1500 
agaagtagtc agtgagtcta ggcaagatgt tggccctaaa aatccaaata ccagagaatt 1560 
catgagaaca tcacctggat gggacatgtg ccgagcaaca caattactat atgctaggca 1620 
ttgctatctt catattgaag atgaggaggt caagagatga aaaaagactt ggcaccttgt 1680 
tgttatatta aaattatttg ttagagtaga gcttttgtaa gagtctagga gtgtgggagc 1740 
taaatgatga tacacatgga cacaaagaat agatcaacag acacccaggc ctacttgagg 1800 
gttgagggtg ggaagaggga gacgatgaaa aagaacctat tgggtattaa gttcatcact 1860 
gagtgatgaa ataatctgta catcaagacc cagtgatatg caatttacct atataacttg 1920 
tacatgtacc cccaaattta aaataaagtt aaaacaaagt ataggaatgg aattaattcc 1980 
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tcaagatttg gctttaattt tatttgataa tttatcaaat ggttgttttt cttttctcac 2040 
tatggcgttg ctttataaac tatgttcagt atgtctgaat gaaagggtgt gtgtgtgtgt 2100 
gaaagagagg gagagaggaa gggaagagag gacgtaataa tgtgaatttg agttcatgaa 2160 
aatttttcaa taaaataatt taatgtcagg agaattaagc ctaatagtct cctaaatcat 2220 
ccatctcttg agcttcagag cagtcctctg aattaatgcc tacatgtttg taaagggtgt 2280 
tcagactgaa gccaagattc tacctctaaa gagatgcaat ctcaaattta tctgaagact 2340 
gtacctctgc tctccataaa ttgacaccat ggcccactta atgaggttaa aaaaaagcta 2400 
attctgaatg aaaatctgag cccagtggag gaaatattaa tgaacaaggt gcagactgaa 2460 
atataaattt tctgtaataa ttatgcatat actttagcaa agttctgtct atgttgactt 2520 
tattgctttt ggtaagaaat acaacttttt aaagtgaact aaactatcct atttccaaac 2580 
tattttgtgt gtgtgcggtt tgtttctatg ggttctggtt ttcttggagc atttttattt 2640 
cattttaatt aattaattct gagagctgct gagttgtgtt tactgagaga ttgtgtatct 2700 
gcgagagaag tctgtagcaa gtagctagac tgtgcttgac ctaggaacat atacagtaga 2760 
ttgctaaaat gtctcacttg gggaatttta gactaaacag tagagcatgt ataaaaatac 2820 
tctagtcaag tgctgctt 2838 



<210> 8 

<211> 6 

<212> DNA 

<213> Homo sapiens 

<400> 8 

ttaggg 6 



<210> 9 

<211> 1884 

<212> DNA 

<213> Homo sapiens 



<400> 9 

gtatacatac atacctgaat atggaatcaa atatttttct aagatgaaac agtcatgatt 



60 
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tatttcaaat aggtacggat aagtagatat tgaggtaagc attaggtctt atattatgta 120 
acactaatct attactgcgc tgaaactgtg gtctttatga aaattgtttt cactacacta 180 
ttgagaaatt aagagataat ggcaaaagtc acaaagagta tattcaaaaa gaagtatagc 240 
actttttcct tagaaaccac tgctaactga aagagactaa gatttgtccc gtcaaaaatc 300 
ctggacctat gcctaaaaca catttcacaa tccctgaact tttcaaaaat tggtacatgc 360 
tttagcttta aactacaggc ctcactggag ctacagacaa gaaggtaaaa aacggctgac 420 
aaaagaagtc ctggtatcct ctatgatggg agaaggaaac tagctaaagg gaagaataaa 480 
ttagagaaaa actggaatga ctgaatcgga acaaggcaaa ggctataaaa aaaattaagc 540 
agcagtatcc tcttgggggc cccttcccca cactatctca atgcaaatat ctgtctgaaa 600 
cggtccctgg ctaaactcca cccatgggtt ggccagcctt gccttgacca atagccttga 660 
caaggcaaac ttgaccaata gtcttagagt atccagtgag gccaggggcc ggcggctggc 720 
tagggatgaa gaataaaagg aagcaccctt cagcagttcc acacactcgc ttctggaacg 780 
tctgagatta tcaataagct cctagtccag acgccatggg tcatttcaca gaggaggaca 840 
aggctactat cacaagcctg tggggcaagg tgaatgtgga agatgctgga ggagaaaccc 900 
tgggaaggta ggctctggtg accaggacaa gggagggaag gaaggaccct gtgcctggca 960 
aaagtccagg tcgcttctca ggatttgtgg caccttctga ctgtcaaact gttcttgtca 1020 
atctcacagg ctcctggttg tctacccatg gacccagagg ttctttgaca gctttggcaa 1080 
cctgtcctct gcctctgcca tcatgggcaa ccccaaagtc aaggcacatg gcaagaaggt 1140 
gctgacttcc ttgggagatg ccataaagca cctggatgat ctcaagggca cctttgccca 1200 
gctgagtgaa ctgcactgtg acaagctgca tgtggatcct gagaacttca aggtgagtcc 1260 
aggagatgtt tcagcactgt tgcctttagt ctcgaggcaa cttagacaac tgagtattga 1320 
tctgagcaca gcagggtgtg agctgtttga agatactggg gttgggagtg aagaaactgc 1380 
agaggactaa ctgggctgag acccagtggc aatgttttag ggcctaagga gtgcctctga 1440 
aaatctagat ggacaacttt gactttgaga aaagagaggt ggaaatgagg aaaatgactt 1500 
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ttctttatta gatttcggta gaaagaactt tcacctttcc cctatttttg ttattcgttt 1560 
taaaacatct atctggaggc aggacaagta tggtcgttaa aaagatgcag gcagaaggca 1620 
tatattggct cagtcaaagt ggggaacttt ggtggccaaa catacattgc taaggctatt 1680 
cctatatcag ctggacacat ataaaatgct gctaatgctt cattacaaac ttatatcctt 1740 
taattccaga tgggggcaaa gtatgtccag gggtgaggaa caattgaaac atttgggctg 1800 
gagtagattt tgaaagtcag ctctgtgtgt gtgtgtgtgt gtgtgtgtgt cagcgtgtgt 1860 
ttcttttaac gtcttcagcc taca 1884 

<210> 10 

<211> 28 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence 3? CR primer 
<400> 10 

aagaccagat agtacagggc ctggctac 28 

<210> 11 

<211> 28 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence 'FCR primer 
<400> 11 

aagattattc aaggttacta tgaacacc 28 

<210> 12 

<211> 38 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial SequenceOPCR primer 
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<400> 12 

tgctaatgct tcatctagaa acttatatcc ittaattc 38 



<210> 13 

<211> 35 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:PCR primer 

<400> 13 

tttccactcg agccaaccag gaattcggca gttac 35 



<210> 14 

<211> 38 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence^PCR primer 

<400> 14 

gtgtaagaag gttctctaga ggctctacag atagggag 38 



<210> 15 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:PCR primer 

<400> 15 

aagcagcact tgactcgagt atttttatac atgctctac 39 

<210> 16 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence^PCR primer 
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<400> 16 

gtatacatac atacctgaat atg 

<210> 17 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence 3>CR primer 

<400> 17 

tgtaggctga agacgttaaa agaaacac 

<210> 18 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer for RT-PCR 

<400> 18 

gatgccataa agcacctgga tg 

<210> 19 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer for RT-PCR 

<400> 19 

ttgcagaata aagcctatcc ttga 

<210> 20 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer for RT-PCR 
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<400> 20 

tcacccacac tgtgcccatc tacga 



<210> 21 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer for RT-PCR 

<400> 21 

cagcggaacc gctcattgcc aatgg 

<210> 22 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequenceTCR primer 

<400> 22 

catcgtctct ctgaaaaatc g 

<210> 23 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence'PCR primer 

<400> 23 

aggaaacagc aaaactgtga c 



INTERNATIO. 



SEARCH REPORT 



Intentional application No. 

'CT/JP03/11134 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C12N15/09, C12N5/10, A01K67/027 



According to International Patent Classification (EPQ or to both national classification and IPC 



B . FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C12N15/09, C12N5/10, A01K67/027 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
BIOSIS/WPI (DIALOG) , MEDLINE (STN) , JSTPlus/ JST7580 ( JOIS) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X/Y 



GRIMES, B.R. et al . , Stable gene expression from 
a mammalian artificial chromosome, EMBO Rep., 
2001, Vol.2, No. 10, pages *910 to 914 



X/Y 



Tsuneko OKAZAKI, "Honyurui Jinko Senshokutai no 
Kaihatsu to Kotai no Keishitsu Tenkan eno Riyo", 
Senryakuteki Kiso Kenkyu Suishin Jigyo Kenkyu 
Nenpo, 2002 March, Vol.2000, pages 61 to. 64 



1,3-6,8-11, 

14-15,17, 
19-20,26-29, 

31-35,40, 
43-45,51-56 
/2, 7, 12-13, 
16,18,21-25, 

30, 36-39, 
41-42, 46-50 

46-49/2,7, 
12-13, 18, 
21-25, 36, 
46-50 



fx] Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"U document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"CT document referring to an oral disclosure, use, exhibition or other 
means 

M P" document published prior to the international filing date but later 
than the priority date claimed 



"Y" 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
08 October-, 2003 (08.10.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 

28 October, 2003 (28.10.03) 



Authorized officer 



Telephone No. 



Form PCT/ISAy210 (second sheet) (July 1998) 



INTERNA' 



SEARCH REPORT 



itional application No. 
PCT/JP03/11134 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,X 



Yoshimi KUROIWA et al . , "Hito Mini Senshokutai 
Vector o Mochiita Mega Base (Mb) Size no Tokutei 
Hito Senshokutai Ryoiki no Cloning System no 
Kaihatsu, Experimental Medicine, 2001, Vol.19, 
No.l, pages 50 to 52 

HASEGAWA, K. et al . , Insulators prevent 
transcriptional interference between two promoters 
in a double gene construct for transgenesis, FEBS 
Lett,, 2002 June, Vol.520, No. 1-3, pages 47 to 52 

RIVELLA, S. et al.," The cHS4 insulator increases 
the probability of retroviral expression at random 
chromosomal integration sites, J.Virol., 2000, 
Vol.74, No. 10, pages 4679 to 4687 

Shin'ichi HORIIE et al., "Bisho Kakusaibo Yugoho 
o Riyo Shita Senshokutai Kogaku", Saibo, 2001, 
Vol.33, No. 3, pages 114 to 117 

Tsuneko OKAZAKI, "Honyurui Jinko Senshokutai no 
Kochiku to Sono Riyb", 1 Seimei Katsudo no Program', 
Heisei 9 Nendo Saitaku Kenkyu Kadai Shuryo Symposium 
Koen Yokoshu, 2002 November, pages 14 to 18 



18,21-22, 
24-29, 31-34, 
40-45, 51-56 



16,30,50 



16,30,50 



37-39,41-42 



1-56 



Form PCT/IS A/210 (continuation of second sheet) (July 1998) 



INTERNA' 



SEARCH REPORT 



onal application No. 
PCT/JP03/11134 



Box I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



1. | | Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. r-] Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. |~~] Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 
(See extra sheet.) 



1. f-] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. Q<] As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4 - No required additional search fees were timely paid by the applicant. Consequently, this international search report i 

restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATI^^L SEARCH REPORT 



iional application No. 
PCT/JP03/11134 
Continuation of Box No. II of continuation of first sheet m 



(1) The inventions as claimed in claims 1, 35 and 37 , the parts of 
claims 3 to 16 concerning claim 1 and the part of claim 39 concerning 
claim 37 relate to a process for constructing an artificial mammalian 
chromosome which involves the step of transferring a first cyclic vector 
containing a mammalian centromere sequence and a second cyclic vector 
containing a functional sequence into mammalian host cells. 

(2) The inventions as claimed in claims 2, 36 and 38, the parts of 
claims 3 to 16 concerning claim 2 and the part of claim 39 concerning 
claim 38 relate to a process for constructing an artificial mammalian 
chromosome which involves the step of transferring a first vector 
comprising an artificial yeast chromosome containing a mammalian 
centromere sequence and a second c vector comprising an artificial yeast 
chromosome containing a functional sequence into mammalian host cells. 

The technical feature common to the invention groups (1) and (2) 
resides in a process for constructing an artificial mammalian chromosome 
which involves the step of transferring a first vector containing a 
mammalian centromere sequence and a second vector containing a 
functional sequence into mammalian host cells. However, this point had 
been already publicly known as reported in, for example, "EMBO Rep, 2001, 
Vol.2, No. 10, pp. 910-914" and, therefore, cannot be regarded as a special 
technical feature. 

(3) The inventions as claimed in claims 17 and 19 to 20 and the parts . 
of claims 27 to 34, 40 to 45, 52, 54 and 56 concerning claims 17 and 
19 to 20 relate to an artificial mammalian chromosome which has a 
mammalian replication origin, a mammalian centromere sequence and a 
functional sequence, is in* a cyclic form, can be replicated in mammalian 
cells, extrachromosomally held in the host cells and transferred to 
daughter cells in cell division. 

(4) The inventions as claimed in claims 18 and 21 to 22 and the parts 
of claims 27 to 34, 40 to 45, 52, 54 and 56 concerning claims 18 and 
21 to 22 relate to an artificial mammalian chromosome which has a 
mammalian replication origin, a mammalian centromere sequence, a 
mammalian telomere sequence and a functional sequence, is in a linear 
form, can be replicated in mammalian cells, extrachromosomally held in 
the host cells and transferred ■ to daughter cells in cell division. 

(5) The inventions as claimed in claims 23 to 26 and the parts of 
claims 27 to 34, 40 to 45, 52, 54 and 56 concerning claims 23 to 26 relate 
to an artificial mammalian chromosome which has a mammalian replication 
origin, a mammalian centromere sequence and a sequence for insertion, 
is in a cyclic form, can be replicated in mammalian cells, 
extrachromosomally held in the host cells and transferred to daughter 
cells in cell division. 

As reported in, for example, "EMBO Rep, Vol.2, NO. 10, pp. 910-914' 
and ** Experimental medicine, 2001, vol.19, No.l, pages 50 to 52', an 
artificial mammalian chromosome having a mammalian replication origin, 
a mammalian centromere sequence and a functional sequence and an 
artificial mammalian chromosome having a mammalian replication origin 
and a mammalian centromere sequence being in a cyclic form had been 
already publicly known. Thus, there is no technical relationship 
involving any special technical feature among the invention groups (3) , 
(4) and (5) . 



(continued to extra sheet) 



Form PCT/ISA/210 (extra sheet) (July 1998) 



INTERNA' 




SEARCH REPORT 




itional application No. 
PCT/JP03/11134 



Continuation of Box No, II of continuation of first sheet: (1) 

(6) The inventions as claimed in claims 4 6 to 49 relate to a vector 
to be used in constructing an artificial mammalian chromosome containing 
a mammalian centromere sequence of about 50 kb or less in size and a 
selection marker gene. 

(7) The invention as claimed in claim 50 relates to a vector to be 
used in constructing an artificial mammalian chromosome containing a 
sequence having a function of inserting a desired sequence which is loxP 
or FRP and an insulator sequence. 

There is no technical relationship among the invention groups (6) 
and (7) and the above invention groups (1) to (5) involving any special 
technical feature. The technical feature common to the invention groups 
(6) and (7), i.e., a vector to be used in constructing an artificial 
mammalian chromosome, had been publicly known as reported by the above 
documents, etc. Thus, there is no technical relationship involving any 
special technical feature . 

(8) The invention as claimed in claim 51 relates to a nonhuman 
transformant animal having an artificial mammalian chromosome 
transferred thereinto. 

(9) The invention as claimed in claim 53 relates to XO type mouse 
embryonic liver cells having an artificial mammalian chromosome 
transferred thereinto. 

(10) The invention as claimed in claim 54 relates to a female, chimeric 
mouse having an artificial mammalian chromosome transferred thereinto. 

*As reported in ^Experimental medicine, 2001, Vol.19, No.l, pages 50 
to 52' , etc., there had been already publicly known transformed cells 
and a transformant animal having an artificial mammalian chromosome 
transferred thereinto. Accordingly, there is no relationship among the 
inventions (8) to (10) involving any special technical feature. 

Such being the case, it is recognized that the claims of the present 
case have 10 groups of inventions. 



Form PCT/ISA/210 (extra sheet) (July 1998) 



• 



mmm&%- pct/jpo3/iii34 



a. mw<r>m-?z>ftm<r>2tm (m®&n&m (ipo ) 

Int. Cl. ' C12N15/09, C12N5/10, A01K67/027 



m&zftotcm'm&n (.mm&w&m (ipo ) 

Int. Cl. ' C12N15/09, C12N5/10, A01K67/027 



iilStffl Lfci^f-^"<-^ (fr—f^—^O&'fo, fHEfcflUSLfcflJB) 
BIOSIS/WPI (DIALOG) , MEDLINE (STN) , JSTPlus/JST7580 ( JOIS) 









X/Y 


GRIMES, B. R. et al. , Stable gene expression from a mammalian 
artificial chromosome, EMBO Rep, 2001, Vol. 2, No. 10, 
pp. 910-914 


1, 3-6,8-11,1 
4-15, 17, 19-2 
0, 26-29, 31-3 
5, 40, 43-45, 5 
1-56 

/2, 7, 12-13, 1 
6, 18, 21-25, 3 
0, 36-39, 41-4 
2, 46-50 



0 cwv>Wiz^xmmmzfrx\,^ 0 



TEj BISW®B«rroWK**:tt#a ( fe*>5^, stasia 

jcm oa*«r*H-> 



ros com $ ixfcXSfc 



0 8. 10. 0 3 



BHim3lEttftra>3Bi&B 



0*S1$SF/r (I SA/J P) 
S5ffi#*l 0 0-891 5 
MWfft n EiStf 5 B8HT a 4 « 3 * 




4B 



2 9 3 6 



-fate SSI 



*IS»* 03-3581-1101 ^ 3448 



ISPCT/ISA/2 10 (B2^-v?) (1 9 9 8*P7J1) 



0 



PCT/J PO 3/1 1134 



c m%) 



X/Y 



WASHED, »a4SAXlfefefrO0B»^<B{*:©^5ME^O?iJffi, 

mmmmm%mmmwm&ft¥k, 2002^3^, voi.2000, 

pp. 61-64 

m&m&m, ^^m^^-w:^^ (Mb) 

2001, Vol.19, No. 1, pp. 50-52 

HASEGAWA, K. et al. , Insulators prevent transcriptional 
interference between two promoters in a double gene 
construct for transgenesis, FEBS Lett. 2002 Jun, Vol. 520, 
No. 1-3, pp. 47-52 

RIVELLA, S. et al. , The cHS4 insulator increases the 
probability of retroviral expression at random chromosomal 
integration sites, J Virol, 2000, Vol. 74, No. 10, 
pp. 4679-4687 



46-49/2, 7, 12 
-13, 18, 21-2 
5, 36, 46-50 

18, 21-22, 24- 
29, 31-34, 40- 
45, 51-56 

16, 30, 50 



16, 30, 50 



PX 



2001, Vol.33, No. 3, pp. 114-117 



2002#1L3, pp. 14-18 



37-39, 41-42 
1-56 



MPCT/ 



I SA/2 1 0 i^2^~'Jnm.^) (1 998^7^) 



mmmm^ pct/j P03/1 i 1 34 



&m8^3« (PCT1 7&(2)(a)) roS^-«t9, iWS^M*^tt^03g*^ i «5 lf*^HO-«ESmoV^f^ 



3. □ ftJftO^IS He, ^Jl!t*^HT-iboTPCT^IlJ6.4(a)om25:StJ5^3S:<t»^tc 



1. □ mmAit&Etismm&zmw&i-^xmmfttemtfviziD-v, ^kdsbssbsesr^w:, •r^xtommmtinnt 



4. □ mmx^sfj:mum^wcm^-mm^icmu^7b^-ft<vx. roias^sii, tt^ofigHoftiajfciBm 



«aPCT/ISA/2 10 (^l-<-i?0^ (1) ) (1 9 98^7^) 



mmm^ pct/j po 3/1 1134 



(1) 3 5, 3 7RT7|f*0©S3-l 6©5*>ff*C0©gl|Cgg-r5^ % !»5ftco®B 3 9 (O 5 *>ffit*<D 

(2) m#<Dm&2 t 3 6, 3 8Xtm*0©ffl3- 1 6 O 5 ^StJftO^H 2 |CH^S£&£\ i#5fc<D®ffl 3 9 <D 5 *>f»*<D 

»9! (1) t (2) ^arSSWMWtttt. «?LS-fe:^hn^TE^J^-&tf®l-<^^-^, «M6EJ0**tf»2^<^ 
*~fc£«?L3im^J!§fc^^ rco^tt. m*-t£, rEMBO 

Rep, 2001, Vol.2, No. 10. pp. 910-914J fcilE® £ 5 ttl x BEfc^fei-Cfca^fe. 4fr»J*t^«*^-CS>a 

(3) ff3ft<D@ffil 7, 1 9-2 Ofi.t/IS*<D«5ffl2 7-3 4, 40-45, 52, 54, 5 6 CD 5 fcfl|jfc0>ttH 1 7 f 1 

(4) ff*(D$SSl 8, 2 1-2 2S.TJfsi*<D®ffl2 7-3 4, 40-45, 5 2, 54, 5 6 <D 5 t>It^C0©S 1 8 , 2 

(5) f%&(Dffim2 3- 2 6&T*f§2fc£>$5K2 7-3 4, 4 0-4 5, 52, 5 4, 5 6 <D 5 ^IS^O@ffl 2 3 - 2 6 ICR 

glrVbn^TWiJSr^U 8Mft^fc5ni?L«AXStefefl:W:, TEMB0 Rep, 2001, Vol. 2, No. 10, pp.910-914j , r^RE 
^, 2001, Vol. 19, No. 1, pp.50-52j fclMfcStt* J: 5 K£4*fcrt?fc6;&>fe. (3) , (4) % (5) |5J^# 

(7) Bf3ftoS6ia5 Ott, 1 o x P^U<^FRPT-fcSB^MogB^J^}fA^^^^^^Sa^Jt^>'^l-— IB?iJ£ 

cc-e, &w (6) , (7) _b!B3&9? (i) - (5) t^j3ij*fe^^^^«ft*H«^*vNL, am (e) 

(8) B*o«B5 1tt, «RSAlM«iSAS^tftS*t bflimBlMtttlcfffiain-cftfi, 

(9) fS*o®|S5 3tt, rtWRAXiteflHi^ 

(10) M^ftI5 4fi. ifca^XSifettas^ 

r*»E*, 2001, Vol.19. No.l, pp.50-52j «KcBtt$tb« J: 5 ^iffi^lS AXjfefefr ^*A S tt^S^J»IS2feU^ 
IBc4M3i-c*>5**&. (8) - (io) WM«tl^m««trBMlc«ftv\ 



iSPCT/ISA/2 10 (4*9J^-^) (1 9 9 8¥7^) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
STfaded TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

Pf^LINES OR MARKS ON ORIGINAL DOCUMENT 
l^kREFERENCE(S) OR EXHIBIT(S) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



